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MESTRACT 


This paper describes a digital, microprocessor 
controlled data acquisition system which optimizes 
mMan/fmachine communications. The processor oprovides 
Ggdiwal Leedbeck control, data collection over any 
Mine: Of Cuamyels §—(Up) co 9), 32 BIT floating point (7 
Significant digit) mathematics, and a variety of 
gucput formats. The main features of the device are 
the ability to work directly in any numerical unit 
desired by the user, mathematical noise filtering and 


automatic feedback control. 


The particular application under consideration is 
iivolcubke data GeueneeriOn and angle-of-attack control 
of a subsonic wind-tunnel. Data are presented to 
demonstrate the data logging capabilities oz the 
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I. INTRODUCTION 


A. BACKGROUND 


The use of microprocessors (U-P) to control various 
analog and digital devices has grown exponentially in the 
past two years. Applications range from TV tennis games and 
meet tratfic lights, to industrial plant monitors and 
high speed data handling. The state-of-the-art U-P at the 
time of this writing is the INTEL 8748. This’ Single 


imieegrated Circuit contains: 
1. Central Processing Unit (CPU) 


2. 1K bytes of erasable, programmable, read-only memory 


(EPRCM) 
3. 64 bytes of random access memory (RAM) 
4, 8-BIT interval timer/fevent counter 
eee clock driver 


In addition, this device draws only 150 milliampere (mA) at 
5S volts (V). 


Microprocessors have greatly enhanced the important 
mecinolLogical application called DISTRIBUTED INTELLIGE&NCs, 
For example, routine - but time consuming - chores such as 
parallel to serial data conversion, x-y plotting, 2quipment 
POlLling, etc. can be controlled on site. Engineering 
analysis of such large interconnected subsystems reduces to 


a ‘black box! problem rather than the more complex problen 





of centralized command and control. 


See DISCUSSION 


This paper describes the development and construction of 
an automatic data logging system (ADL) which is configured 
Vila software to suit a particular application. The software 
modification is dynamic in nature, which means that the 
system operator needs only to type in a few simple commands 
to change the system input/output (I/0) to measure volts, 
feet, psi or any other quantity directly without external 
hardware modification or adjustment. The requirements for 
the system and an overall description of the ADL hardware 
are given in chapter II. Chapter III discusses the command 
words available along with examples of actual output. 
Chapter IV presents a specific application of the system. 
Guidelines for interfacing the digital feedback control 
function with various types of equipment are also given. 
Chapter V contains the software assembly listing as well as 
flowcharts and explanations of the more important routines. 
Chapter VI discusses the use of U-P development systems and 
gives recommendations for software development. Appendix A 
is a glossary of U-P and data acquisition terminology which 


is used throughout the paper. 
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fee RK EOUTREM ENTS 


The purposes of a data logging system are twofold. 
First, the system must be able to take readings from a 
variety of physical devices. Second, these readings must be 
converted into a form suitable for data reduction and nhnuman 
interpretation. The obvious use of such a system is taking 
data over extremely long or extremely short time periods, 
filtering out noise, controlling external events and 
M@eeveding tabular and/or graphical output. With the above 


in mind, the following requirements are defined: 
1. 8 channels of analog input 


2. 1 channel for digital feedback control of some external 


device. 


3. Plain language man/machine interface via serial data 


£ransmission. 
4. Manual and automatic data acquisition functions. 
5. Limited data manipulation. 
6. Multiplexed digital voltmeter function. 
7.  $Limited text file storage and editing. 


It should be pointed out that the above requirements were 
defined with the wind-tunnel control function in mind (ch. 
ivy Nevertheless, the concepts may be extended to other 


applications with minor software modifications. 
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Bee VEVICE SELECTION 


A Staley —“Nardware-oriented iamplementation of the 
system requirements was not a valid alternative due to the 
inherent inflexibility of such designs. Large scale computer 
installation was prohibitive from cost and under-utilization 
considerations. It was therefore decided to use an available 
Microprocessor - the INTEL 8008 - to implement all logic and 
data manipulation functions. This U-P device is the heart of 
the PROLOG Corporation 805 microprocessor systen. Figure 
1 as a schematic of the 805 system layout as nodified for 
this project. Appendix B presents vendor specifications for 
same. Figure 2 shows the overall system layout including 
the command and communications links between the systen 


components and the operator. 


Pee LNPUT/OUTPUT DEVICES 


The man/machine interface was the most difficult task to 
implement. The major difficulty was not in the physical 
interface, but the language used for two-way communications. 
A software driven ASR-33 Teletype was used for command 
entry, data presentation, and test functions. Although 
teletype driving wastes CPU time, the time delays involved 
are still much less than the mechanical time delays of the 


relays and driving motors which the U-P is controlling. 


Peqeoupme OL SCight. HEWDETT PACKARD 5082-7302 display 
lights was used to implement the digital voltmeter function. 
This display is used to set amplifier gains, set nulls and 


to verify that data present on a particular input are being 
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processed by the system. The light display is controiled via 
software to display data in volts. 

Up to eight channels of analog data may be multiplexed 
(DATEL MM-8) into the sample-and-hold unit (DATEL SHM-4), as 
Shown in figure 3. The analog-to-digital (A/D) converter 
(DATEL ADC-149) has 14-BIT resolution over a 20-volt range. 
These three devices are also driven via software in order to 
prcevide various time delays between data samples. The tine 
delays are utilized to mathematically filter out low level 
noise and A/D glitches from the system. Appendix B contains 


vendor data for the above mentioned devices. 


tee FUNCTIONAL ARCHITECTURE 


i. General 


The primary advantage of a software configured 
system is that 1tS processing functions and I/O can be 
modified wihout external hardware adjustment. This implies 
that the system possesses a ‘general purpose! guality. 
However, a compromise must be made between a completely 
general system and one which can be easily implemented by an 
Operator who has little knowledge of the operating system 
(OS) software or of the dynamics of the system from which 
this perscn is collecting data. In order for the data 
logging system to be used effectively by students ina 
Variety of engineering disciplines, the 0S was set up to 
optimize man/machine interaction. Thus, the operator has no 
control over such parameters as relay and drive motor 
transportation lag. These particular system parameters are 
fixed (see chapter IV) but still provide wide applications 


such aS probe placement and angle setting. Although obvious, 
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it is worth mentioning that the feedback controlled movement 
of an external device may not be coincident with data 
acquisition and reduction, as the U-P can perform only one 
Menction at atime. In general, the internal data handling 


of the microprocessor is transparent to the user. 


2. nternal 


Figure 4 is a flowchart of the basic numerical data 
conversion processes. Note that two levels of conversion 
take place. The first level converts data from the 14-BIT 
binary provided by the A/D converter into a numerical 
voltage between -10 and +10 volts. Qhais interpolation 
routine is called before any raw data are processed. The 
next level of conversion 1S accomplished with a scaling 
routine which changes voltage units into any unit desired by 
mae user. If the user does not specify a particular scaling 
mactoOr, the systen defaults Co- Volts £05 “Galilee co 
presentations. Scaling factors can be changed at any time, 
On any of the input channels; different channels may have 


@eetLerent scaling factors. 


The mathematics package used is from the INTEL Users 
Library and is discussed in Appendix C. Although the math 
package performs all operations with 7 Significant digits, 
pumerical output is rounded to 4 significant digits ( with 
choice of decimal or exponential notation ). This was done 
to improve readability of tabulated output and to permit all 
eight channels to be printed in the limited space provided 
by the teletype. The only exception is the DUMP routine 
(ch. III), which always outputs 7 digits. This is because 
scaling factors of up to 7 digits can be entered by the 


Meetator {also fig. 4). 


The decimal format presents data between 0.0001 and 
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9999. The exponential format presents 4 significant digits 
between 1.000 E-28 and 10.00 H+27. <All numericai entries by 
the operator can be in either format , with the exception of 


channel numbers, which are only single digit integers. 
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Figure 1 - PROLOG 805 SYSTEM LAYOUT 
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Figure 4 - NUMERICAL DATA CONVERSION MErHODS 





III. COMMAND WORDS 


Ic 


This chapter defines the commands which the operator may 
use to communicate with the ADL. A brief explanation of the 
werd is presented; then the rules for it's usage and the ADL 
response is given. The commands are organized into three 


categories: 


1. DATA DEFINITION: Used to set scaling and delay 
parameters, and to store the sequence of channels to be 
scanned. 

2. ACQUISITION: These commands start various types of 


acquisition processing, including the voltmeter and 


feedback control routines. 


Pee fILeE MAINTENANCE: These are convenience features 
Woleh provide Simple text editing and printing of 
repetitious table headings. They also provide abort 
Gaparili¢@w anc correction capability for misspeiled 


words. 


Note that ccmmand words are entered in upper case just 
as they appear in the following paragraphs. When the ADL is 
imeagy fOr a command, it prompts with the symbol >. The 
command word is then entered followed by pressing the RETURN 
key. In all examples given, the ADL-generated text is shown 
in parentheses for illustration purposes only. Section D of 
this chapter presents copies of actual printout from typical 


runs in order to further clarify the use of the commands. 
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fee DATA DEFINITION 


Tat secOntand 1s shOrmally the £first used. It enables 
the user to specify a scaling factor so that all data I/0 
will be in any’ desired unit. A typical sequence of commands 


could appear as follows: 


(>) UNIT 
(CHANNEL =) 1 
(UNIT/VOLT) 10.5 
(CHANNEL =) 6 
(UNIT/VOLT) .2 
(CHANNEL =) 


7) 


Thus the user has specified a scaling factor of 10.5 
for channel 1 and .2 for channel 6. The abort command was 
then used to terminate the routine. The ADL responded with > 
when again ready to accept commands. The result of the above 
1s that, for example, a 3-volt input on all channels will 
fame OUT aS 3.000 on channels 0,2,3,4,5,7:; as 31.50 on 


Channel 1 and as .6000 on channel 6. 


this command is used to set a known time delay 
between sets of data points. The ADL takes 128 data points 
from each channel and computes an average before a value is 


printed. Thus, the effects of noise and A/D glitches are 


2A 





minimized. Because it takes 1 millisecond (ms) for the ADL 
to set up the multiplexer for a different channel, the WAIT 
delay must be used with caution in an environment which 
exhibits periodic noise. If only one channel is scanned, the 
time between data points will be as entered. However, if all 
8 channels are scanned the time between data points on any 
Channel will be the desired time plus 8 ms (1 ms for each 


epannel). 


ia oe. SCAN 


= = = > EE ee et 


SET SCAN is a dual purpose routine. Pi pSstwcOr cal, 
if a WAIT command has not been issued it will default to 15 
ms and send a message to the operator; otherwise, it 
proceeds to the next step. The operator is then given the 
Speortunity tosspecify the type of output format, namely, 
exponential or decimal. Second, tne ADL asks the operator 
to input the channels to be scanned in the desired Sequence. 


Section D presents some typical examples of SET SCAN usage. 


B. ACQUISITION COMMANDS 


This is the command used to start the voltmeter 


function. A typical entry would look like: 
(CHANNEL =) 3 


When the RETURN key is pressed, the, digital display wiil 
follow the data on channel 3 (in volts). The display is 
updated every 10 ms and takes the data through a 43 


Microsecond window. When the display is in operation, any 


ae 





noise on the input will show up as a rapidly changing digit. 
This is unlike most digital voltmeters which integrate the 
input over a small time interval and present an average 
reading. This integration process may effectively nask any 
noise down to fairly low frequencies, depending on the 


voltmeter being used. 


The main use of the above function is to set gain 
limits on the inputs. To transfer command back to the user, 
any key on the teletype can be pressed. The ADL responds 


with > and is then ready for another command. 


SCAN 1s used to manually control the tabulation of 
data. Upon command entry, the aDL checks to see if channel 
asSignments have been made via the SET SCAN routine. If the 
check is negative, a message is sent to the operator and the 
routine is aborted. If the check is positive, headings are 
printed out with the proper spacing for the desired 
numerical format. The ADL then waits for a RETURN at which 
time a set of data is taken, averaged and printed out with 
the proper scaling factor applied. The printer carriage is 
then positioned at the end of the line of data so the user 
May enter any ccmments. The next set of data is taken when 
the RETURN key 1s pressed. Before e2ach line of data 1s 
printed, a three digit counter, called the coordination 
number, is incremented automatically. The SET SCAN routine 
1s used to reset this counter to zero (also automatic). 
Thus, repeated calls to SCAN or RUN will keep the counter 
indexing properly. The SCAN routine is terminated by 


entering the abort command. 
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Channel 0 was internaily defined as the feedback 
channel for ADL control of some external device. The 
Operator inputs the desired position (speed, angle, etc.) 
and the ADL will provide the logic necessary to drive the 
device to within 4 A/D counts; 1 A/D count is equal to 1.22 
mMillivolt (mV). A sample is taken every 0.8 ms so the 
maximum Slew rate at the input is limited to 6.1 omaV/sec in 
order to guaranty convergence. This routine is used mainly 
to ensure Slew rates are not excessive and that external 
device mcvement does not exceed acceptable limits. Chapter 
V presents a detailed flowchart of the feedback logic used 
iaetne ADL. 


RUN internally calls the SCAN and MOVE routines in 
repetition in order to automate the tabulaticn of data at 
many different positions of an external device. A typical 


data entry sequence for RUN could he: 


(START POSIT =) 10.0 
(STOP POSIT =) 7.5 
(INCREMENT =) .5 


Note that the start position does not need to be less than 
the stop position. Also note that the incremental movement 
is in absolute value. Upon execution (the RETURN key) the 
ADL prints out column headings as defined by the SET SCAN 
routine, Slews the external device to the start position and 
Starts tabulating data at each of the positions between 
Beet and STOP. When the stop position data have been 


printed out, command is returned to the operator. 
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Pec iuLs MAINTENANCE 


The following commands are used to 2D Wee text 


information and comments. 


When the same heading information will appear as 
Eeeermor the documentation of each run, EDIT is used to enter 
this information for later use. After the desired text has 
been entered, the LINE FEED (L/F) key is pressed, followed 
by the RETURN key. The L/F is needed internally to mark the 
end of the file; this is the only routine that terminates 
With other than just the RETURN key. If the L/F key were 
Meemused, the entire buffer space (256 characters) would 
Poet Out. At this time, if the END-OF-FILE symbol were not 


detected, an error message would be sent to the operator. 


The EDIT mode can also be used to change or correct 
the text at any time. The routine is entered via the command 
word; the CONTROL and Z keys (cntrl-Z) are pressed 
Simultaneously to step through the file. When the proper 
place in the text is reached, the RUBOUT key is pressed, 
then the new character is entered. Note that this entry is 
not inserted between Gwor Characters, but rather 1t 
Overwrites; any number of characters can be reentered. Oe 
order to exit the routine without using the L/F key (which 
would truncate the text), the cntril-A keys are used. 


Section D shcws the construction and edit of a file. 


a BILE 


Zo 





The text entered with the EDIT command is printed 
me upon execution of FILE. Two lines are skipped 


automatically at the beginning and at the end of the file. 


3. DUMP 


Execution of DUMP will cause the contents cf the 
conversion factor buffer to be printed on the teletype. 
This enables the user to verify the scaling factors which 
are being applied to each channel. Numbers are printed with 


Meese agnifticant digits. 


4. MITES 


This command is executed automatically upon systen 
reset or when power is applied. All the ram area is tested 
lyme cSt WLiting OOH to each location, reading it back and 
ccmparing the result with 00H; the same process iS refeated 
With FFH (Appendix C contains an explanation of hexadecimal 
notation). If an error were detected, the contents of the 
bad location would be printed out along with its address. 
This enables the operator to identify the particular circuit 
component which has malfunctioned. The routine can also be 
entered as a command, but use of this function resets all 


default values just as a system reset. 


The abort command is used to terminate execution of 
all routines except RUN and READ. When the cntrl-A keys are 
used, command is transferred back to the operator and the 


System responds with a >. The RUN routine can only be 
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terminated With a system reset; the READ routine is 


terminated by pressing any of the teletype keys. 


ome 6 CNIRL—-R 


Pressing these two keys causes the phrase RUN NO. to 
be printed. The keyboard is then opened for the insertion 


of any desired alpha/numeric single line sequence. 


fee CNT RL-C 


_— = a Se ae 


This command causes **** to be printed in order to 
flag a comment. Note that this is a command routine and can 


only be entered after a> prompt by the ADL. 


Pressing these keys causes an internal counter to 
advance forward through the input buffer. In this manner, 


the contents of memory can be displayed (see EDIT). 


9. RUBOUT 


This key 1s used mainly to correct spelling érrors 
or to correct data entries without aborting a routine. For 
example, assume the operator wants to enter SCAN but notices 
that SVAN has been typed by mistake. The RUBOUT key is 
pressed three times. Each time it is pressed, the previously 
entered character is printed and an internal counter counts 
Beaexwards through the input buffer. The operator then 
retypes the correct letters (CAN) and the correction is 


complete. The teletype entries would then look like: 


2a 





SVANNAVCAN 


When executed, the ADL will only see SCAN. 


Ccmmand word recognition is accomplished by summing 
the binary codes of.each of the letters of the word. The 
result is then compared with a list of valid sums which are 
contained in memory (check-sun). Since the result of a 
summation does not depend on the order of the addends, the 
letters of the command word may be entered in any order 
Meroe, SCAN, NACS, etc.). Although this method could lead 
to ambiguity problems, the vocabulary of the ADL is~ small 
enough to prevent such an inconsistency. Any command ,text 


or data entry can be edited with the RUBOUT key at any time. 


Bee coAAMPLES 


The figures following this section are copies of actual 
ADL sessions. All ADL-generated messages are underlined the 


first time they appear for illustration purposes only. 


Figure 5 shows a DATA DEFINITION sequence. The UNIT 
command was used to override the volt default on channels 
0,1 and 2. The SET SCAN routine was used to select decimal 
format and to sequence channels 6,7,0,3,6. Note that the 
Channels do not need to be in any particular sequence and 
that one channel may be used more than once. The use of a 
Channel more than once enables the user to check the 
effectiveness of the noise filtering algorithm in a 
M@aeticular application. In this case, data taken on the 
first channeL 6 scan will be 19 ms out of phase with the 
second channel 6 scan (15 ms for the delay parameter anda 1 
mS intercycle delay for each channel). The operator then 


used the wait routine to change the wait parameter to 3 as. 
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The subseguent call to the SET SCAN routine did not produce 
the default message (labeled A on the previous call). 


Figure 6 shows atypical SCAN sequence which resulted 
from the commands entered from fig. 5. SCAN was used +o take 
5 sets of data, then RUN was used to take 5 sets. It is 
important to note that channel 0 must be included in the SET 
SCAN definition before RUN is executed. This is because 
channel 0 is the feedback path for the d2gital centrcol 


mumet ions. 


Figure 7 shows the ADL response to improper inputs. 
After a reset, the operator tried to execute SCAN without 
first defining the channel sequence. The next example in 
this figure shows an invalid command followed by some 


examples of using the RUBOUT key to correct various entries. 


In fig. 8 the operator did not use a LINE FEED/RETURN 
sequence to mark the end of the text. Th2 resulting call to 
FILE is then shown. 


Figures 9? and 10 present the data from a wind tunnel 
Calibration session. Figure 11 is a graph of the lift data 
(channel 2) versus angle-of-attack (AOA, channel 0). Notice 
that the scaling factors for channels 0 and 2 were selected 
so that their respective output would be read in degrees and 
pounds directly. Figure 12 shows a run which utilized 


exponential format. 


PIS, 





wee RESET: ALL CHANNEL [70 IN "VOLTS" *** 
> UNIT 
_CHANNEL = 0 
INIT/VOLT = «1 
CHANNEL = 1 
WIT/VOLT = 500-6 
CHANNEL = e 
INIT/VOLT = 144 
CHANNEL = 


@—___ »_SET Scan 
B A = ¢ 


‘eres FORMATCY OR ND) 7? N 
INPUT CHANNELS IN DESIRED ORDER 
6s 7» O OE: 


EAD AKE DATAs TYPE CAN. OF 


> SET SCAN 

"E**’ FORMATCY OR ND 7? N 

INPUT CHANNELS IN DESIRED ORDER 
Qs ls 2032 435 


WHEN READY TO TAKE DATA» TYPE "SCAN" OK RUN 


Pigiwer> - DATA DEFINITION EXAMPLES 
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> SCAN 


# CHe O CHe |! 
001 ©0997 -25-98 
O02 © O99T7 -25-95 
DO'S ©0997 -26-05 
004 ellis ~s25.67 
005 elll9 -25- 89 


> RUN 

START POSIT = e! 
Opa Sei =e ~ 9 OC 
INCREMENT = -Q3 


# CHe O CHe 1 
00 6 ©0995 -25-86 
007 ©0698 -25- 56 
008 ©0398 -25+ 56 
009 ©0097 =-25- 41 
O10 -*-Q0202 -25+- 32 
> 

Figure 6 - 


CH-e 2 CHe 3 CHe 4 


-1-3908 -e0574 ©0355 
-~1-306 <--0574 ©0357 
wes o4 —~—« O57 c 0366 
-~1-276 7-064} ©0424 
“1-163 --0639 ©0426 


CHe 2 CHe 3 CHe 4 


=e ael -+0565 ©0371 
=06=0) =6 3309 -*+ 1265 
80°72 sero le eOleT 
27-19 2-2-0509 --0454 
sae 10 ©0410 °O16e 


SCAN AND RUN EXAMPLES 


St 


Chea S 


° OO0E 
“O00E 
«0006 
« OO0E 
« 0006 


CHe 5 


° 0006 
¢ OOO0€E 
© 0006 
©0005 
0006 





*** RESET: ALL CHANNEL I70 IN "VOLTS" **«* 

> SCAN 

O13: CHANNELS NOT DEFINED 

> SET SXAAXCAN 

DELAY BETWEEN DATA POINTS = 15 MS CDEFAULT) 
"Ee" FORMATCY OR N) 2? N 

INPUT CHANNELS IN DESIRED ORDER 

0 


WEN READY TO TAKE DATAs TYPE SCAN Oh RUN 


> RUN 
START POSIT = 150051-150 
STOP POSIT #2 -Q5 
INCREMENT = -Q05 

9 CHe OQ 


CO 1 ©1514 
002 ©0984 
003 ©0492 


Regime 7.-) TPMPROPERSINE UT BXANPLE 
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=e DIT 

THIS COMMAND [IS USED TO INPUT 
TEXT WHICH [S USED MANY TIMES 
DURING A DATA LOGGING SESSION. 


THE "FILE" COMMAND IS USED TO 
RECALL THE TEXT. 


> FILE 


THIS COMMAND IS USED TO INPUT 
TEXT WHICH IS USED MANY TIMES 
DURING A DATA LOGGING SESSION. 


THE “FILE COMMAND IS USED TO 
RECALL THE TEXT. 


=) | EI 


THIS COMMAND IS USED TO INPUT 
TEXT WHICH IS USED MANY TIMES 
DURING A DATA LOGGING SESSION. 


THE “FILE’ COMMAND IS USED TO 
RECALL THE TEXT- 


> EDIT 
THE RUBOITTIUT IS USDGTYYTGDEFUL 


> FILE 


THE RUBOUT IS USEFUL 


> @ 

“ee RESET: ALL CHANNEL 170 IN ““VOLTS* *** 
> EDIT 

TURP OS LC TE DE I) 35 GOs e020 70 10 7 9 Oat Wa Wa Gar Ges Wat Ga? Os Ws Da Oe Oe 


> EDIT 
TITTTT CNTRL-Z USED HERE 
> FILE , 


Mr Cvlil=2 USED HERETIIITTIITT 
O23 INVALID “FILE” TERMINATI OV 


Figure 8 - EDIT AND FILE EXAMPLES 


Bs 





Sei 


CHAVVEL = 


fo) Laie eli at 


ya evil Sy CN 


ve 7 fi 


ee Ne i ee 


DNL 7 Viale 

CraAanNrL = 
=r] Sta 
lel ye ¢ 
ca st o¢ 


O 
10 
l 
Peete Ce OOF 3 


co 
nic oe ayes 


NO 


~ 


é 
° 


Berne relA FOINTS 
FCRMATCY Ob 


N 


=. 4S 


Che ree 2 


ieieecataNNRES EN LESITREL O}:LEn 


Oe 


WikN mkEALY TO TAXE LATA» Trrtk 
S - : 


KK KOK MK 

> SCAN 

% Cite .O 
OO 1 006: 1 
> sly 

START FOSIT = 
SITCP rOSTT = 
INCREMENT 

* Cae 0 
woe —=642015 
eos aaa] ec 
C04) —>3595 6 
005 ~eeIFJI6 
COE <-2-000 
OO7  7=-93603 
C08 -O0F} 
OOY eoOs | 
010 2-016 
Ole 3¢035 
012 4-022 
Gis S- Ole 
Ole 6-017 
es 7°¢O0¢4 
0164 e013 
O17 J-« O00 
Ole 10°O¢ 
O1'3 ee OF 
020 lE-03 
O02 1 1oe03 
OZ 2 14-02 

Regie 19) — 


eel S 


sal 
14 


Crie 1} 


SOc 5 
-O123 
O71 SG 
eO1U09 
°-0151 
°-0154 
“Olle 
©0153 
-0160 
©0144 
°-O2le 
©0190 
-0184 
©0193 
©0221 
°0237 
°O¢39 
©0237 
©0285 
©0210 
-0217 
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Hoe Ore TARE 


~e2714 


Cre 2d 


pe roac 
ee] 
Sher 
2a SS 
ra ORs 
2354 
S30 | 
2421 
e613 
GOSS 
ad70 
3007 
Se a 4 
S145 
iD 3 
a SSG! 
cO4y 
LE7S& 


Sioa DOC 


09 53 
~ 9 (OSes 


SUAN Chet UN 


Vien brea 


WIND-TUNNEL TARE DATA 





RK KR MK 


Seer Y 


Oe € 
eT 
Cex 
> ri 


S71 Ale T 


L & 7 és 


Cares 2 
eUC4éAl 
Gove.) 
© OOF } 


PUSS yt 


oror -OSTT 
TO eae ats | 


* Cme GC 
Ge3 76e040 
OO Me IDE 
es) =e 997 
O32 des?) 
Yas e = bet] 
@G4. Fae977 
Oge “004! 
O36 1-032 
O37 2eOlY 
036 ge OSG 
O32 4-O0c¢4 
O40 5-04) 
O4 1 €- 006 
O42 v0.2 S 
C43 Sees 
044 “1S ON Or) 
C45 Gree) 2 
04s F 11-01 
O27 leeUG 
044 eae 3 
O49 14-02 
> SUAN 

" Caen O 
O50) © 00F 1 
> LUMr 

Loe oe 000 

3° E250I3 
“Jfe 15401 

Peo O00CO0 

12 OG00C0 

1-O0000C0 

Eo ere Cr ere, 

lente Cite Or) 


ott 


rN AT 


Crie 1 


O27 
eUcy5 
©~QeIg 


= 
feet 


Cae | 


aie) 7 
33° 69 
O27 * Gc 
37 60 
4Q0-UGe 
39°79 
Bo. 67 
40-22 
4 ¢<¢ 46 
4¢5¢ 
41-10 
40-61 
40-53 
41-05 
40+«23 
40-17 
40+«71 
woe 3 5 
40-32 
G3 7 1 
32¢ 37 


Brguce 10 = 


ee 


WIND-TUNNEL DATA RUN 


So) 


Uore ca 


©9556 
O55 6 
eU5of 


ae ee 


eIe D5 
Zgage 40 
Vere 4 
lye El 
8-854 
4e 44éb 
507 ¢ 
S25 16 
1G- 44 
L4e 53 
leoren 
24e 695 
cye OT 
34-11 
Siteset 
ZleciT 
LSe 450 
4Séele 
44¢ 2g 
Life Oo 
4d6<e12 


= “£0 Fodor 


Wer Nee: 


Ry i J L Cr I 


TE 


BG Ot oe 





Cg 
E 
= 
= 
- 
1d 
-4 
Brguce 4 = 


AGA (DEGREES) 


PLOT OF WIND-TUNNEL DATA 


ile 





hes | TESS; 


THIS IS AN EXAMPLE OF DECIMAL 
AND EXPONENTIAL FORMAT- 
Tee CELTS LCCC S SSCS SC CSL SSCS C’ LT SS 


> SET SCAN 

DELAY BETWEEN DATA POINTS = 15 MS CDEFAULT) 
"E** FORMATCY OR Nd 2? N 

INPUT CHANNELS IN DESIRED ORDER 

Ole 


WHEN READY TO TAKE DATA» TYPE “SCAN‘ OR RUN 


> SCAN 
é CHe O CHe 1 CHe 2 


00! -5-036 =e O4h1 3 --0019 
002 -§-036 --0413 -.0018 


> 


> SET SCAN 
DELAY BETWEEN DATA POINTS = 15 MS (DEFAULT) 
"Ee"? FORMATCY OR ND) 7? Y 

INPUT CHANNELS IN DESIRED ORDER 


> SCAN 
# CHe O CHe 1} CHe 2 
00 1 -5-036 “4 l60E-02 -3-lLIOQE-03 
C2 75-035 “4 -136E-02 -2- 680E-03 
> 
Pegure oli2e=) EXPONENTIAL PORMAT EXAMPLES 
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mae ADL system "WwaS constructed in order to facilitate 
data acquisition and documentation from the 3.5 x 5.0 foot 
subsonic wind-tunnel located sige the Department of 
Aeronautics at the Naval Postgraduate School. Logging data 
by hand frem the tunnel balance is time consuming, error 
inducing and produces somewhat biased and scattered results. 


Other related problems are: 
1. Personnel communications in a noisy environment. 


2. Meter reading while the quantity to be measured is 


subjected to random perturbations. 
3. Tunnel heating due to long run times. 


4. Time consuming AOA Setting. 


The ADL effectively eliminated all the above problems 
and in addition it proved to be versatile encugh to be used 
as a data logger with other equipment. Figure 13 is a 
mPeeture of the ADL installation. It fits compactly into a 
Poli-around cabinet and requires only a standard 20 mA 
current loop, 110 baud I/O device (e.g., a teletype), and 
patch cords to connect it to the voltage sources it is to 
monitor. Five variable-gain, linear amplifier cards are 
included to provide low level signal buffering. Voltage 
sources can be connected to the ADL directly or patched 
through an amplifier, as long as the input excursions do not 
exceed -10V to +10V. 


The feedback control function is implemented via two 
output lines - one labeled UP and the other labeled DOWN. 
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Each line carries an independent logic level voltage which 
is used to actuate a relay. The two relays in turn are used 
to control the direction of a motor. The desired feedback 
quantity (in this case position) is input to channel 0 which 
closes the digital control loop. Figure 14 is a detailed 
schematic of the AOA control as used in the wind tunnel 
system. To date, the ADL was used to calibrate the wind 


tunnel balance and the dynamic pressure transducer [1]. 
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A/D modules 
B - 805 Microprocessor 


A - Amplifier cards and 


a. RY SOS os ANS BN : 
ON WN 


oS 


+ 


Scan 
PIRES 


BERGA WS 


- a 
Ss SIMRAN rahe 


*. 
~ 
me 

% 


SHS 


oS NAS & 


Se 


SNe 


ry 


aes 


PE REN 








C - 2K PROM memory 





ru 
- A/D, sample-and-hold 


p< 
E 


and multiplexer 
F - Linear amplifier 





S 


NENT 


13 = PHOTOS OF Ae CONPO 


Figure 


4Q 





SYSTEM 


OPERATOR 





START 


ay COMMAND _._ ' 
DICITIZE 
z KoA 
| SAMPLE 


KA 


GAIN 
Ky 


K,C | 
MOTOR 
feces 


A = ANGLE-OF-ATTACK ae 





GAIN 


Figure 14 —~ ANGLE-OF-ATTACK FEEDBACK LOOP 
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The assembled program listing for the ADL is presented 
maeenis Chapter along with flowcharts for the most important 
routines. Throughout the following paragraphs, frequent 
reference is made to the 'position' of an external device. 
'Position' is used for illustration; speed, angle or many 
other attributes of the state of an external device can be 


used as a feedback parameter. 


Figure 15 shows the averaging process used in the filter 
moutine. A running sum is taken at 128 data points. This 
sum is then divided by 128, converted back to binary and 
stored aS a two byte quantity in registers D and E. The 
binary representation of the current desired position of the 
external device is recalled from memory and _ stored in 
registers B and C. UJUpon exit from the routine, the registers 
are set up to compare the actual and desired positions in 
order tc determine in which direction to move the external 
device. The 'UP' driver is next shown. It makes use of the 
previous subroutine to determine when the desired position 
has been reached. The position correction routine in fig. 
17 determines if the position arrived at by the UP or DOWN 
routines has met predefined error criteria. There ar¢ also 
routines for the DOWN direction that are identical to figs. 
16 and 17 (except for the direction of movement). The MOVE 
mouctinemisS in fig 18; it provides the logic necessary to 
properly call the UP and DOWN routines. Figures 19 and 20 
ame ELOwcharts of the RUN routine. RUN provides fen 
SacoOmatlic CecntErol ~£unction of the ADL by calling SCAN and 


MOVE at external device positions defined by the user. 
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N= 127] 









send stop command 
to relays and take 






a sample from 











channel 0O 


onvert to floating! 
point and store 









in Loecatt % 


S = sample from| 
channel 0 W 





convert back to binary 





and store in 
registers D and E 


fetch desired position 





and sieore a7 






totems B andec 





ce 


1 GS OO l) Gy a 


Bacio melo  NOPSE AND GLITCH FILTER LOGIC 


4 3 





send start command 
T@ 


‘UP’ rela 





the destination 
been passed 


call 'FLTR' to 
he K for_noise , 


passed the 









desired 
areplaghimmc 





wait 1 sec for 
mechanical component 





_to stabilize 


compute 
position error 


JuUinpe be appropriate _ 





fine adjustment 





VwouUpirme 


Figure 16 - ‘UP’ RELAY DRIVER LOGIC 


44 





fadjust UP 


jump to 

















error GT | UP routine 


counts ? 


small open- 









Srror Gl 7 loop movement 


2 seen tae? (BUMP) 


position has converged 






towne me 2 Counts 
below actual 


recurn 


Puguecm=ts -  OVERSHOOT/UNDERSHOOT CORRECTION LOGIC 
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desired position 


convert to floating point 


and divide by the channel 





C conversion factor 


convert from VOLTS 
| to A/D binary | 
OMSL, olayepibeaye, lors Mamaltoyan 


call FLTR to determine 
actual pesition 






DE = actual position 













sc ut DE call DOWN§ 
| call SCAN to read a 
position in desired units 
print Ou | 
aege Uc aaOOG wil Or) 1 
abort 7 > jump to contro! 
| (CNTRL) | 


Pence mlO mc Ok LERNAL DEVEC® CONTROL LOGIC 





start position 







Som DOCH Gl Ol 






increment 


iteration 
desired position | 
actual. posi#ion 


Phan of Ou j 
column headings 


@ 


Figure 19 - RUN ROUTINE LOGIC ( PART i) 
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Gali SCAN to print 
set of data 







sf finished, jump — 
| ie Sache CNTR EL wl 


Figure 20 — RUN ROUTINE LOGIC ( PART2) 
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The following software was developed in small 
independent subroutines. This was done so that future 
revisions to logic could be accomplished with a minimum of 
redesign. For example, if a line printer is added to the 
system, all references to subroutine CO (console output) are 
Changed so that the new routine can be called. The EQUATE 
tables at the start of each section of software are modified 
to reflect the address of the new routine, and the software 
is then reassembled. Similar procedures can be followed to 
alter I/O assignment, add new routines, etc. Memory 


requirements for the ADL software are as follows: 


1. Pages QOH to OFH, ROM 
meee Pages 20H to 27H, ROM 
See Pages 10H to 1FH, RAM 


This program was compiled on the INTELLEC 8 microprocessor 
development system for the 8008 JU-P. 
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0000 


O32F 
OS6E 
OSSE 


064B 
O70F 


03D7 
03D4 
038C 
O3B4 
0001 


OO0D 
OO1A 


10A0 
10FD 
02B7 
O2CA 
1040 
1058 
1070 
OF OO 


10C0 
1080 


OO7F 
OESE 


0000 CO 
OOO! OGFF 
0003 51 
0004 468702 
0007 464500 
OOOA 468E0E 


OF SOFTWARE. 


@ZWe 2 CO we we 


ORG 0 
INIT  EQU 032FH 
LOD EQU 036EH 
STR FQU 033EH 
INN EQU O64BH 
OUU EQU O70FH 
AD EQU O3D7H 
SB FQU O3D4H 
MUL EQU O38CH 
DIV EQU O3B4H 
ABT FQU O1H 


SCHAR EQU ODH 
SUBT EQU LAH 


STACK EQU 1!10A0H 
JUMP EQU 1OFDH 
TEST EQU O2B7H 
BLANK EQU O2CAH 
DOP ND EQU 1040H 
STORE EQU 1058H 
RESLT EQU 1070H 
TABLE EQU OF OOH 


SCANB EQU 10COH 
CFBUF EQU 1080H 
RBOUT EQU 7FH 

YIU I ea Organ 


; MESSAGES USED BY THIS 
‘ 


UTILITY SUBROUTINES. THIS SECTION CONTAINS 
SUBROUTINES COMMON TO ALL MAJOR SECTIONS 


$F oP. INITIALIZATION 
sLOAD F.P. ACCUM 
sPLACE CONTENTS OF 

sF .P. ACCUM INTO 
sMEMORY 

sCHANGE BCD DATA TO 
sF.P. AND LOAD ACCUM. 
sCHANGE F.P. NUMBER 
sTO BCD DATA STRING 
sF.P. ADDITION 

sF.P. SUBTRACTION 

sF .P. MULTIPLY 

Tier ely LDE 

sCOMMAND EXIT 
sCCONTROL A) 

sSTOP CHAR 

sCHARACTER SUBSTITUTION 
s;CCONTROL Z) 

s; VARIABLE STORAGE 
sVECTORED JUMP 

sLIGHT TEST 

sDISPL BLANKING 
sDECIMAL OPERAND BUFFER 
sTEMP BUFFER 

sDECIMAL ANS BUFFER 
sTABLE OF VALID COMMAND 
sCODES AND VECTORS. 
sOPERATIONS 

sBUFFER CONTAINING 
sCHANNEL SCAN INFO. 
sCONVERSION FACTORS 
sRUBOUT CHAR 

sRAM MEMORY TEST 


SECTION ARE ANNOTATED 


AT THE END OF THE PROGRAM LISTING 


READY EQU 2600H 
LERR EQU 2603H 
LBOOT EQU 2648H 


DB OCOH 
QUIET: MVI A,OFFH 

OUT 8 

CALL TEST 
WAIT1: CALL CI 

CALL MTEST 


50 


sFIRST INSTR = NOP 
sRESET TTY BREAK 


*CHECK DISPLAY 
*WAIT FOR OPERATOR 
sCHECK RAM 





000D 
0010 


OOLS 
0017 


~ OOI19 


OO1D 
OO1F 
0025 
0025 


0029 
002B 
002D 
OO2E 
O02F 
0032 
0036 
0058 
OOSA 
O03C 
003D 
OOSE 
OOSF 
0042 


0045 
0046 
0047 
OO4A 
004D 
OO4F 
0052 
0053 
0054 
0055 
0056 
0057 
0058 
OO5B 
005D 
OOSE 
0061 
0064 


0065 
0067 


46CA02 
462F03 


2b 10567D 
SEOD 
2b 1036C0 
SE2A 
2& 103680 
SEZA 
2E 105680 


BOOT: 


CALL 
CALL 


LXI 
MVI 
Ee raty 
MVI 
LXI 
MVI 
LXI 


BLANK 
TNT T 


H,RESLT+13 
M,SCHAR 

H ,SCANB 
M,**’ 

H ,STACK+16 
Mm, *x** 
H,CFBUF 


sCHECK DISPLAY 
sINITIALIZE MATH PAC 
sAND DEFAULT VALUES. 


s INVALID SCAN FLAG 
s"WAIT” FLAG STORAGE 
215MS DEFAULT FLAG 
*FILL CONVERSION FACTOR 


OE20 
SEOO 
50 

O09 
482B00 


2k 103680 


OL O08 
SES 1 
0604 
86 

FO 

OS 
485800 
448 D00 


49 

1A 
604500 
466A00 
1608 
466500 
49 

1A 

Cl 

1A 

C8 

11 

48 4F00 
247k 
C8 
466500 
466500 
O07 


1ECS 
446C00 


sBUFFER WITH 1.0 
MVI 
MVI 
INR 
DCR 
JNZ 
LXI 
MVI 
MVI 
MVI 
ADD 
MOV 
DCR 
JNZ 
JMP 


BESe 
LOOP 13 


~ 
O 


© 
“~~ 


&O0O © 


FBUF 


2 


LOOP2: :1.0=81000000H 


Wer Trawae wr Ss 
> 


LOOP2 
MON sSTART 
‘CI* CONSOLE INPUT ROUTINE 
INPUT: NO RESTRICTIONS 
REGISTERS: A,B,C,D 

OUTPUT: A,B ASCII 


C) we we we we we we 


Ory ora ©) 
1 IN 4 Oe tao lan eb T 

RAR 
JC CI 

START: CALL HALF 31/2 DELAY 
MVI C,8 sBIT COUNT 

RX 3 CALL DELAY sCENTER OF NEXT BIT 
IN 4 
RAR sROT INTO CARRY 
MOV A,B s;GET BUILD-UP WORD 
RAR 
MOV B,A Soon E 
DCR C “Cac =| 
JNZ RX seCHECK FOR LAST BIT 
ANI 7FH sMASK OFF PARITY 
MOV B,A 
CALL DELAY 
CALL DELAY 
RET 


‘DELAY’ TTY DELAY LOOP 
DELAY PARAMETER IN ‘D’ 
PROVIDES 9MS DELAY. 
ELAY: MVI D,OC5H 
JMP TIME 


CJ we we we we 


emer LINE 


ih 





OOSA 
0O06C 
006D 
0070 


0071 
0073 
0076 
0078 
007B 


0070 
007D 
OO7E 
0080 
008 1 
0082 
0085 
0086 
0088 
0089 
OO08C 


008D 
00390 
0094 
0097 
OOSA 
OOSE 


OO0A1 
OOA4 
OOAG 
OOAA 
OOAB 
OOAD 
OOBO 
OOB | 
OOB2 


HEGZ 


486C00 
07 


OE OD 
467C00 
OLOA 
467CO0 
o7 


467100 
2h265648 
46E800 
467100 
2E263600 
46E800 


46F800 
OEOO 

2k 1035640 
C7 

SCOD 
68B600 

8 | 

C8 

30 


File $ MVI D,O62H Sey Cee 
TIME: DCR D 
JNZ TIME 
eels Il 
"CRLF*® OUTPUTS A CARRIAGE RET AND 
LLNE FEES, 
INPUT: NO RESTRICTIONS 


¢ we Be @2e We we we 


C) ee we we we we we we 


REG LSieporen, b,c ,D 
OUTPUT: A=FFH,B=OAH3;C ,D=-0 


RLF: MMVI B,ODH °CR 
CALL CO 
MVI B,OAH > LF 
CALL CO 
RET 


"CO* CONSOLE OUTPUT ROUTINE 

INPUT: WORD IS 7 BIT ASCII 
STORED IN B 

REGISTERS: A,B,C,D 


OUTPUT: A=FFH, B IS SAVED, C,D = 0 

O: MOV A,B sFETCH WORD 
ORA A *CLEAR CARRY 
MVI C,11 *BIT COUNTER 
RAL sSTART BIT 

SEND: OUT 8 ax TO TTY 

CALL DELAY *WAIT 1 BIT TIME 
RAR sPOSITION NEXT BIT 
CPI OFFH *SET STOP BIT 
DCR C *C=C-! 
JNZ SEND *SEND IF NOT DONE 
RET 


we we we 


MONITOR ENTRY POINT AFTER POWER ON OR RESET. 


MON: CALL CRLF *RESET CARRIAGE 
LXI H,LBOOT ‘START INFORMATION 
CALL Lisl 

CNIRL: CALL CRLF 
LXI H,READY s ACK 
Came List 


“Uwe we we 


GET COMMAND WORD AND FORM JUMP VECTOR 


ECOG: CALL GET 

MVI B,O sINIT CHECK SUM 

LXI H,DOPND *POINT TO INPUT BUFF 
RLOOP: MOV A,M *FETCH CHARACTER 

CPI SCHAR *IF DONE SEARCH 

JZ SRCH * LOOK-UP TABLE 

ADD B sELSE BUILD CHECK SUM 

MOV B,A ‘STORE CK SUM 

INR L 


Ee 





OOBS 
OOBS6 
OOBA 
OOBB 
OOBD 
00CO0 
00C 1 
00Cc4 
00C5 
00C6 
00C 7 
OOCA 
OOCB 
oocc 
OOocD 
OOCE 
O0D2 
O00D4 
0OD5 
OODS6 
OOD7T 
OOD8 
OODB 
OODE 
OOk2 
OOE5 


OOES 
OOES 
OOEA 
OOEC 
OOED 
OOFO 
OOF 1 
OOF 4 
OOF 5 


OOF8 
OOFC 


44AA00 JMP RLOOP 


2EOF3600 SRCH:  LXI H,TABLE sPOINT TO LOOK-UP 
C7 SRCHL: MOV A,M™ 

3C00 CPI 0 sVALIDITY CHECK 
68DE00 JZ ERR 

BS CMP B sCOMPARE CHECK SUM WITH 
68CA00 JZ VCTR * TABLE. IF TRUE, JMP. 
30 INR L sELSE GET NEXT 

30 INR L 

30 INR L 

44B AO JMP SRCHL 

30 VCTR: INR L sPOINT TO LOW ADD 

CF MOV B,M *SAVE 

30 INR L sPOINT TO HI ADD 

D7 MOV C,M *SAVE 

2E1036FD LXI H,JUMP *POINT TO JUMP LCN 
3E44 MVI M, 44H 

30 INR L sLOAD VECTOR 

FS MOV M,B 

30 INR L 

FA MOV M,C 

467100 CALL CRLF 

44FD10 EXEC: JMP JUMP sEXECUTE 

26263603 ERR: LXI H,LERR eERROR MSG OUT 
46E800 CALL LIST 

449700 JMP CNTRL sTRY AGAIN 


TakS ReURINE IS USeb TO OUTPUT 
STRINGS OF ALFA-NUM CHARACTERS 


["" we we we 


CF IST: MoV B,M sOUT REGISTER 
C7 MOV A,M 
3COD CPI SCHAR ¢IF DONE RET 
2B RZ 
467C00 CALL CO sPRINT CHAR 
30 INR L sPOINT TO NEXT 
48E800 JNZ LIST *CHECK FOR PAGE WRAP 
28 INR H 
44E800 JMP LIST °GET NEXT 
9 
> "GET’ IS USED TO LOAD NUM DATA 
; INTO DOPND OR LABELS INTO 
* ANY DESIRED BUFFER. INSERTS 
* "CR' AS THE STOP CHAR. 
* BUFFER CANNOT START AT XxX00. 
s DOES NOT ECHO A CARRIAGE RET. 
* *RUBOUT' ERASES PREVIOUSLY ENTERED 
* CHARACTERS IN SUCCESSION. 
s "CONTROL Z' IS USED TO DISPLAY THE 
s CONTENTS OF THE NEXT MEMORY LOCATION. 
* RETURNS WITH LOW POINTER AT SCHAR. 
9 
2E103640 GET: LXI H,DOPND *DEFAULT BUFFER 
E6 GETD: MOV E,L *DESIRED BUFFER ENTRY 
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OOFD 
0100 
0102 
0105 
0107 
O10A 


010C 
O1OF 
O11] 
OL14 
O115 
O116 
O119 
OLLA 
O11B 
OLLE 
OLLF 
O12) 
0124 


0125 
0128 
0129 


O12c 
O1L2D 
O12E 
Ol2r 
O1lSe2 
0133 
01354 
0137 


O13A 
O13B 
O13D 
OLSE 
0140 
O14! 
O142 


464500 
SC 7F 
682col 
35CO1 
689700 
SCIA 


681501 
S5COD 
481601 
Fg 

07 
467C00 
F9 

50 

44F DOO 
C7 
3COD 
§A7600 
Cr 


467C00 
50 
44 DOO 


467C00 
44FDO0 


C7 
3COD 
2B 
14350 
FS 

30 
445A01 


CNTUs 


CNTULs 


CNTU4: 


(*]woe we we 


RASEs 


ECHO: 


Uwe we we we we we 


Ween 


DS Une 


CALL Cl 
CPI RBOUT 
JZ ERASE 
CPI ABT 
JZ CNTRL 
CPI SUBT 


JZ CNTU4 
CPI SCHAR 
JNZ CNTUI 
MOV M,A 
RET 

CALL CO 
MOV M,B 
INR L 

JMP CNTU 
MOV A,M 
CPI SCHAR 
CZ CRLF+5 
MOV ByM 


CALL CO 
LN 1 
JMP CNTU 


DCR L 
MOV A,L 
CMP E 
JNC ECHO 
INR L 
MOV BM 
CALL CO 
JMP CNTU 


MOV A,M 
CPI SCHAR 
RZ 

SUI 30H 
MOV M,A 
INR L 

JMP STRIP 


CHANGES ASCII 
SPECIAL BDC USED BY THE 
FLOATING POINT ROUTINE 

nL MUS POINT TO BUFFER 


sSAVE LO POINTER 
sTTY INPUT 

sIF RUBOUT 

sTHEN ERASE 
sCOMMAND EXIT 


sDISPLAY NEXT CELL 
310 ALLOW FOR 
;sSUBSTITUTION. 


sIF DONE RETURN 
sSTORE STOP CHAR 


sECHO OUT 

sLOAD INPUT 

sPOINT TO NEXT CELL 
ae a WE A 

sCHECK FOR EOL 


eIF TRUE ,LINE-FEED 
*DISPLAY CONTENTS OF 
*CURRENT CELL 


sPOINT TO NEXT CELL 
sGET NEXT 


*ERASE® IS USED TO RUB OUT AN 
INCORRECTLY ENTERED CHAR. 


sPOINT TO LAST INPUT 
*CHECK TO ENSURE 
INPUT BUFER WILL 
NOT UNDERFLOW 
RESTORE LO POINT 
FETCH BAD CHAR 
REPEAT CHAR 


We @Se We we we 


INTO 


sre TCH 
sIF DONE RET 


sBCD CONVERSION 
sSTORE BCD 
Orne 

sGET NEXT 


FROM THE FLOATING POINT ROUTINE 


: 
$ “DISPY* CONVERTS SPECIAL BCD 
) 
5 


TO ASCII. 





0145 
0149 
O14A 
O14C 
014D 
O14F 
0150 
0151 


0154 
0155 
0156 
0157 
0158 
0159 
0158 


OLSE 
O15SF 
0160 
0163 
0164 
0165 
0166 
0167 
O168 
0169 
O1l6A 
O16D 
O16F 
0173 
0174 
0175 
0176 
OLT7 
O179 
O17B 
OL7C 
0180 
0181 
0182 
0186 
0188 


0189 
OL8A 
O1sc 
OLsD 


peo s6e70 DISPY: LXI H,RESLT sPOINT TO BUFF 
C7 DISPL: .MOV A,M sFETCH 
3COD CPI SCHAR sIF DONE RET 
2B RZ 
0430 ADI 30H sBCD TO ASCII 
Fg MOV M,A sSTORE 
30 INR L 
444901 JMP DISPL 

9 

$ "BINFP* CHANGES RAW BINARY DATA 

$; TO FLOATING POINT 
C7 BINFPs MOV A,M sFETCH HI BYTE 
Cg MOV B,A 
30 INR L 
D7 Mov CM ee Cn OB ye 
AO ANA A sCLEAR CARRY 
2611 MVI E,17 sRESET COUNT 
7O6DO! SHIFT: JM EXIT sIF NEGATIVE 

sDATA 1S NORM 

Cg MOV B,A sSAVE HI 
21 DCR & sEsE-1 
688201 JZ DZER “a © 
C2 MOV A,C *LOAD LO BYTE 
AO ANA A sCLEAR CARRY 
12 RAL Swot yt oHLFT 
DO MOV C,A oe THE LER T 
Cl MOV A,B 
2 RAL 
AO ANA A Sern BITS 
445B01 JMP SHIFT sNEAT SHIFT 
Z2ATF EXIT: ANI 7FH sPOS NUM MASK 
2E 103659 EX Ho TORETI 
Fg MOV M,A Mowtie 8) 15 
50 INR L 
FA MOV M,C sNEXT FP BYTE 
30 INR L 
SEOO MVI M™,0O Sas) US 
O67F MVI A,7FH sEXP ADJUST 
84 ADD E sBIAS-#SHIFTS 
2E 103658 LXI H,STORE 
Fg MOV M,A eSTORE EXP 
07 RET sNORMAL EXIT 
2E103658 DZER: Exit so1One sDATA=0 
SEOO MVI M,0 
O7 RET 30 EXIT 

9 

; *FPBIN® CHANGES FLOATING POINT 

; TO BINARY. HL MUST POINT TO HIGH BYTE 

; OF FP DATA UPON ENTRY 

; RAW RESULT IS IN DE. 
C7 FPBINs MOV A,M 
1480 SUI 80H sSTRIP EXCESS 80H 
C8 MOV B,A sSAVE 
O610 MVI A,16 s2 BYTE BIAS 
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O18F 
0190 
0191 
0192 
0195 
0195 
0196 
0197 
0198 
0199 
O1SA 
019B 
O19C 
019D 
OI9E 
O1SF 
O1A0 
OLAS 
0000 


91 
C8 
30 


5480 
DS 
50 


C3 
BO 
LA 
Dg 
C4 
LA 
EO 
O09 


489801 


O7 


INR 


MOV 
ORI 
MOV 
INR 
MOV 
MOV 
ORA 
RAR 
MOV 
MOV 
RAR 
MOV 
DCR 
JNZ 
RET 


sCOMPUTE # SHIFTS 
*SAVE 


sFORM MSBYTE 
sSAVE IT 
GE eo yore 


oRESTORE 
sonar? 2 BYTES 


*CHECK COUNTER 





0000 


1070 
OOFD 
OOFE 
OOFO 
106C 
OO06C 
0050 
OOOA 
OOFO 
OOEO 
OODO 
OOBO 
0070 


O1CO 
0104 
O1C5 
0107 
O1C9 
O1CC 
O1LCE 
O1CF 
O1D2)] 
O1D4 
O1D5 


O1D6 
O1D8 
O1DS 
01DB 
OLDE 
Ol DF 
O1LEO 
OLEI 
OLES 


2E 103670 


C7 
566C 
SCFD 
68D201 
0610 
39 
44D501 
06350 
39 

F8 


5671 


SOFE 
685802 
DF 

350 


SCFE 
682602 


@Oe 628 OO we wo we OO we we 


@e¢ @8 we 


9 
Resi.) 
MINUS 
DECPT 
SPACE 
SSTAT 
STAT 
rio 
ik 
DOM 
DEOL 
DP1L 
Die 
DP3L 


9 
OUTPUT SIGN AND STORE 


DISPL: 


Sees 


SETMs 
CNTUs 


ORG O1COH 


EQU 
EQU 
bQU 
EQU 
EQU 
bQU 
EQU 
EQU 
EQU 
EQU 
bQU 
EQU 
bQU 


DISPLAY LITES. 
4 SIGNIFICANT FIGURES. THIS SECTION 
ALSO CONTAINS THE LITE TEST AND LITE 
BLANK FUNCTIONS WHICH ARE CALLED AS 
PART OF SYSTEM BOOT. 


1070H 


OF DH 
OF EH 
OF OH 


106CH 


O6CH 
030H 
OAH 

OF OH 
OOH 
ODOH 
OBOH 
070H 


DISPEAYSEUGH ROUTINES 
USED TO OUTPUT VOLTAGE 


DATA TO THE 


DATA IS OUTPUT IN 


Pw HiGRESLT 


MOV 


MVI L,STAT 


CPI MINUS 


JZ SEITM 


MVI A,10H 


OUT 
JMP 


MVI A,30H 


OUT 
MOV 


MVI L,71H 


MOV 


CPI DECPT 


(a 
CNTU 


2+8 
MA 


JZ ZERO 


MOV 
INR 
MOV 


CPI DECPT 


D,M 
L 
A,M 


JZ LZERO 


Di 


EQUATES NOT ANNOTATED IN THIS SECTION 
CAN BE FOUND IN PREVIOUS SECTIONS 


>DECIMAL RESULT 


= = 3SGH 
Sette | - 30H 
aa OOH 


sSIGN STATUS STORAGE 
sSSTAT POINTER 

sPOS SIGN/LATCH OFF 
sLITE TEST COMMAND 
sDEC POINT OFF MASK 
SDF iN LITE #0 

sDP IN LITE #1 

sDP IN LITE #2 
Deine beet S 


AS A STATUS WORD 


sPOINT TO RESULT 
sFETCH SIGN 


ae = SUMP 
s+ AND DISABLE 


s- AND DISABLE 
sSTORE STATUS 


Pouch DEGITS FROM RESULT BURFER, 
AND OUTPUT TO DISPLAY 


LIGHTS 

sGeierthol DEGIT 

sIF DP, ADD LEADING 0°S 
sSAVE FIRST DIGIT 
sFETCH NEXT 

sIF DP, JUMP 





O1E6 
O1E8 
O1EB 
OLED 
O1FO 
Gali 2 
Oaer'S 
O1F7 
OFA 
OLFC 
OFF 
0201 
0204 
0206 


0209 
O020B 
020C 
O20F 
0210 
0211 
O2l2 


02135 
0214 
0216 
0217 
O21B 
O21C 
021D 
21 bk 
0220 
0221 
02235 
0224 
a2 5 


0226 
0228 
0229 
O22B 
U22E 
0250 
023535 
0234 


OLO00 
460902 
SCFE 
68 7FO02 


-OEO] 


460902 
SCFE 
688A02 
OEO2 
460902 
SCFE 
689502 
OLE03 
440902 


E6 
Zork 
a] 


2E10366C 


C7 


S67C 
C7 
SCFO 
4853502 
5672 
445C02 


S671 


= ee we we 


ODP: 


[woe we we we 


ITE: 


{ @2e we we we we 


ZEROS 


egy 2) 


MVI B,O sELSE OUTPUT FIRST DIGIT 
CALL NODP 
CPI DECPT 
JZ DPI 
MVI B,! 
CALL NODP 
CPI DECPT 
JZ DP2 
MVI B,2 
CALL NODP 
CPI DECPT 
JZ DP3 
MVI B,3 
JMP NODP 


sCHECK 2ND DIGIT 


eA T 


OUTPUT A DIGIT WITH NO DP. 


MVI A,DOM 
ORA D sATTACH DATA 
CALL LITE * OUT 

MOV D,M *SAVE DIGIT 

INR L 

MOV A,M sFETCH NEXT 

RET 


OUTPUT AND LATCH 
REGISTER B CONTAINS MUX ADD OF LITE 


MOV E,L sSAVE POINT 

XRI OFFH 

OUT 8+3 sDATA OUT 

ot H,SSITAT sGeha + olArUS 

MOV A,M 

ORA B sATTACH MUX INFO 
OUT 8+2 sMUX AND SIGN OUT 
XRI 10H 

OUT 8+2 s;SET LATCH 

XRI 10H 

OUT 8+2 sLATCH OFF 

MOV L,E SRhmo PORE 

RET 


OUTPUT LEADING ZEROS IF NEEDED 
TO CHANGE FROM SCIENTIFIC NOTATION 
TO FIXED POINT. 


MVI 
MOV 
CPI 
JNZ 
MVI 
JMP 
MOV 
MVI 


L,O7CH 
A,M 
SPACE 
LZER1 
L,O72H 
DPO 
DM 
Laws 


re) IDG we 


sCONTINUE IF NOT ° ° 
Jo PORE 
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0256 
0258 
O235A 
025D 
Beok 
0240 
0245 
0244 
0245 
0248 
0249 
024B 
024% 
O24F 
B22 
0255 
a2) 2 
0258 
O25A 


O25C 
@25r 
0260 
0261 
O264 
0265 
0266 
0268 
O26A 
O26D 
O26E 
O26F 
0271 
0275 
O276 
0277 
0278 
O27TA 
O27C 
g27k 
0281 
0285 
0284 
0287 
O28A 
O28C 
O28r 
O28F 
w292 
0295 
B297 
0299 


4613502 
446D02 
Ok02 
O6B0 
BS 
461502 
447602 
OL 03 
0670 
BS 


Lon 


CW we we we 


POs 


OUTS: 


OUT2: 


OUT 
OUT 


IN — 


DPis 


Dees 


Dio: 


o— 66 


¢ 
e 


MVI 
MVI 


B,0 
A,DPOL 


CALL LITE 


INR 
MVI 


B 
A,DOM 


SL Cg BS eo 


DOR 
DCR 


D 
D 


JZ OWAZ2 


INR 
MVI 


B 
A,DoMm 


CALL LITE 


DCR 


D 


JZ OUTZI1 


INR 
MVI 
JMP 
MVI 
MVI 


MVI 
MVI 
ORA 


B 

A, DOM 
LITE 
L,7IH 
D,0 


A,DPOL 
D 


GALL LITE 


INR 
MOV 
ORI 
MVI 


L 

At 
bom 
B,1 


CAEL LITE 


INR 
MOV 
ORI 
MVI 


i 
A,t 
DOM 
B,2 


CALL LITE 


INR 
MOV 
ORI 
MVI 
JMP 
MVI 
MVI 
ORA 


L 
AM 
bom 
B,3 
LITE 
B,l 
A,DPIL 
D 


CALL LITE 


JMP 
MVI 


MVI A,DP2L 


ORA 


OUT2 
B,2 


D 


CALL LITE 


JMP 
MVI 
MVI 
ORA 


OUTI 
B,3 
A,DP3L 
D 


0-1. DP 
700+ NO) DP 
vow LT 
sDATA 


INDIVIDUAL DIGIT OUTPUTS 


sATTACH DATA 


sATTACH NO DP 


EAL 


sATTACH DATA 


BY 





O2Z9A 
029D 
O2Z29E 
O2A0 
O2A2 
OZA5 
OZA6 


O2ZA9S 
OZAB 
’ OZAD 
02B0 
O2B2 
O2B4 


02B7 
O2B9 
O2BD 
O2oF 
020 | 
O2C2 
0205 
0206 
O2C9 
O2CA 
O2CC 
O2DO 
O2D2 
O2D4 
0000 


4413502 
C7 

5S 4FO 
Ok 02 
4613502 
50 
447602 


OEO7 
54FO 
461502 
OE 06 
O6FO 
441502 


OEO7 


2h L03566C 


SE10 
LEOA 
C3 
461502 
OS 

90C 102 
07 
OEO7 


ZE103566C 


5E50 
ben F 
44C102 


OUlZ Ze 


ars 


m—jwe we 


ESTs: 


eS Ts 


BLANK: 


END 


JMP LITE 
MOV A,M 
ORI DOM 
MVI B,2 
CALL LITE 
INR L 

JMP OUT! 


A 


OUTPUT CHANNEL NUMBERS 


MVI B,7 sLITE ADDRESS 
ORI DOM ‘ATTACH NO DP. 
CALL LITE sOUTPUT CHANNEL # 
MVI B,6 

MVI A,DOM OUTPUT ‘O° 

JMP LITE 


LIGHT TEST AND BLANK 

CALLED DURING POWER-UP OR RESET 

ACCUM CONTAINS THe DISPLAY DATA. 
REGISTER B CONTAINS THE MUX LITE NUMBER 


MVI B,7 

LXI H,SSTAT 
MVI M,1OH 
MVI D,LT 
MOV A,D 
OOILE Ties 
DCR B 

JP TESTL 
RET 

MVI B,7 

LXI H,SSTAT 
M,PLO 

MVI D,OFFH 
JMP TESTL 


wn NOR viel TE 
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Ze SOS CO CVE CWO WO We WS WE 


END 


PROGRAM SPACe O300H TO O7FFH 
Dolo SD er Onna rtOATING POINT 
PACKAGE. APPENDIX C PRESENTS 
EXCERPTS FROM THE INTEL 

USERS LIBRARY. 
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0000 


0009 
0007 
0005 
106D 
1O06F 
O000D 
OOr8 


0071 
OOFS 


OLSA 
0154 
01C0 


OZA9 


OFF4 
OFF 
OFFC 
1040 
1058 
1070 
O70F 
0365 
O33E 
03D7 
03D4 
038C 
03B4 


2672 


@ZWe BVO WO we WE CE we WE 


e@ we we we 


9 

CMD 
Beets 
ore 
RAW 
MUXCH 
SCHAR 
Elst 


CRLF 
Get 


STRIP 
Bi Wiel 
DISPL 


CE he 


te 

13 

14 
DOPND 
STORE 
RE ote a 
OUU 
LOD 
STR 
AD 

SB 
MUL 
DIV 


“READE 
VOUIMNERereOuUrE Ul ON THE DISPLAY LIGHTS. 


DRIVE THE 


A/D SAMPLE AND HOLD 

THIS SECTION CONTAINS THE CODE TO PROPERLY 
(SEE TEXT) DATA 
ACQUISION MODULES. ALSO INCLUDED IS THE 


PDATEL 


ROUTINE WHICH GENERATES THE 


ORG 


EQUATES NOT 
PREVIOUS SECTIONS. 


EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 


EQU 
EQU 


EQU 
EQU 
EQU 


EQU 


EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 


+] 
* MESSAGES 


LREAD 


Ze WO We We We We WE 


INPUT: 


EQU 


O800H 


i) 

7 

) 
1O06DH 
1O6FH 
ODH 
OOE8H 


OO7IH 
OOF 8H 


O13AH 
O154H 
O1COH 


O2ASH 


OFF 4H 
OFF SH 
OFFCH 
1040H 
1O58H 
1070H 
O7OFH 
O36EH 
O3SEH 
O3D7H 
03D 4H 
O38CH 
O5B4H 


2672H 


ANNOTATED 


CAN BE FOUND IN 


2OUre UL PORT 1 

wine Ul FORT) 

sINPUT PORT 2 

sRAW DATA INPUT BUFFER 
sDEFAUT MUX CHANNEL STORE 
7S ror (CHA 

sOUTPUT 1 LINE 

©OF TEXT 

sOUTPUT CARRAGE R&T- 
¢LINE FEED 

sINPUT DATA FROM 
sOP:RATOR 

*BCD<-ASCII 

eF .P .-BIN 

sOUTPUT DATA TO 
tienant DISPLAY 
sOUTPUT CHAN # IN 
**A* TO DISPAY LIGHTS 
ed) GORE 

oo | Seiko 

aS le D 


“SHOLD*® EXECUTES ONE SAMPLE AND HOLD 
CYCLE, AND INPUTS A DOUBLE BYTE 
OF RAW DATA. 


ACUM CONTAINS MUX CHANNEL 
fpeee ONT TO LSBYTE STORAGE 


— 


7 Te “hs” i 





0800 
Og0e 
08035 
Og05 
0806 
0808 
O809 
OSOA 
Og0C 
OSOF 
0819 
Ogle 
O08 15 
0814 
0815 
0817 
0819 
OS lA 


O81B 
O8 IF 
0822 
0826 
0829 
O82D 
0850 
085i 
0835 
0858 
O83C 
OSSF 
0843 
08 46 


0847 
08 4B 
O8 4E 
0851 
O854 
0858 
085B 
OSSF 


22103658 
466505 
CEOFS6FS 
46B 405 
CEOFS6F4 
46D4035 
O7 

2k 105658 
466E03 
CEOFS6FS 
468C03 
CEOF SEFC 
46D703 
O7 


2E265672 
46E800 
A6F800 
467100 
2E 103640 
465A01 
2E 103640 
C7 


s REGISTERS: A,L 

s OUTPUT: ‘A* DESTROYED, le | 
9 

S 10H MODULE 
CMD 
13H 
CMD 
XRI 10H 
OUT CMD 
IN MBYTE 
ANI 40H 
JNZ READI 
IN LBYTE 
XRI OFFH 
MOV M,A 
DCR L 

IN MBYTE 
ANI 3FH 
XRI 3FH 
MOV M,A 
RET 


OR] 
OUT 
ORI 
OUT 


HOLD: oe Lat AD 


3SAMPLE 
sHOLD 


READI: 


sCHECK FOR END OF CONVERT 


sINPUT RAW DATA 


"RVI" CHANGES RAW FLOATING POINT DATA 
TO VOLTAGE UNITS PROPORTIONAL 

TO THE RAW DATA FROM THE A/D. “VRI" 
PERFORMS THE INVERSE OPERATION. 


TJ) we we C26 C26 CO we 


VI: LXI H,STORE 
CALL LOD Act 
an Hels 
CALL DIV sAHA/819.15 
LXI H,12 
CALL SB sAHA-10.0 
RET 

VRI: LXI H,STORE 
CALL LOD 2 Act 
LXI H,13 
CALL MUL sAHA*819.15 
a 
CALL AD sAHA+S191.5 
RET 


ANY DESIRED CHANNEL. 


“ee we we we we 


EAD:  LXI H,LREAD 
CALL LIST 
CALL GET 
CALL CRLF 
LXI H,DOPND 
CALL STRIP 
LXI H,DOPND 


MOV A,M 


63 


"READ’ IS USED FOR CALIBRATION OF 
OUTPUT 1S ON 
ULOIWAL DISBMAY IN VOLTAGE UNITS. 


ioe 


sPROMPT 
sINPUT CH. NO. 


*BCD+ASCII 





0860 
O864 
0865 
0868 
O86C 
O86D 
0871 
0874 
0877 
OS7A 
OS 7E 
088 | 
0884 
0885 
0886 


0889 
O08sc 
0000 


2ELOS66F 
Fg 
46A902 
2ELO3S66F NEXT: 
C7 

2E 1OS66E 
460008 
465401 
46 1B08 
2E 1035670 
460F07 
46C001 
49 

1A 
606808 


467100 
444708 
END 


LXI H,MUXCH 
MOV M,A 
CALL CLITE 
LXI H,MUXCH 
MOV A,M 

LXI H,RAW+! 
CALL SHOLD 
CALL BINFP 
CALL RVI 
LXI H,RESLT 
CALL OUU 
CALL DISPL 
IN 4 

RAR 

JC NEXT 


CALL CRLF 
JMP READ 
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sSTORE CH. NO. 


sDISPLAY CH. NO. 
sCONTINUE 

sRESTORE CH. NO. 
sPOINT TO LSBYTE STORE 
sGET DATA 

sCONVERT TO F.P. 
sCHANGE TO VOLTS 


sBCDeF .P. 
sDISPLAY 

sSCAN TTY FOR INT 
s;SET CARRY FLAG 
siF NO INT, GET 
sMORE DATA FROM 
sSAME CHANNEL 
sEESe PROMPT 





0000 


OOOA 
O00D 
1FO0O 
0097 
0065 
OO7C 
OOA1 
OOFC 
0071 
OOES 
OOFS 
OSA 
1040 
1070 
10A0 
OOAS5 


26035 
ec/k 
2629 
2793 
279C 


O8A0 


O8A4 
O8A5 
OSA6 
O8A7 
OSAS 
OgA9 


O08 AB 


@WOe CS CO SO CO CE CO CO CO we 


@ @e we we 


LABELS 
FOR ANNOTATING ANY GIVEN RUN. 

IN ADDITION, THE "WAIT" ROUTINES 

PROVIDE FOR VARIABLE TIME DELAYS BETWEEN 
GROUPS OF SAMPLED DATA POINTS 


DATA ACQUISITION ROUTINES 
THESE ROUTINES ARE USED TO UPDATE NUMERICAL 


AND TO PROVIDE EDITING CAPABILITY 


ORG 


9 

a2 EQU 
SCHAR EQU 
BHEAD EQU 
CNTRL EQU 
DELAY  EQU 
CO EQU 
RECOG EQU 
GETD EQU 
CRLF EQU 
LIST FQU 
GET EQU 
STRIP EQU 
DOPND EQU 
RESLT  EQU 
STACK EQU 
NEWNO EQU 
9 

> MESAGES 

9 

LERR EQU 
LWAIT  EQU 
LERR2 EQU 
LRUN EQU 
LCOM EQU 


OSAOH 


OAH 

ODH 

1FOOH 
OO97H 
OO65H 
OO7CH 
OOAIH 
OOFCH 
OO71H 
OOES8H 
OOF 8H 
OL3AH 
1040H 
1070H 
1OAQH 
OASH 


2603H 
Zor er 
2629H 
ZICH | 
2 T9CH 


EQUATES NOT ANNOTATED CAN BE 
FOUND IN PREVIOUS SECTIONS 


sLINE FEED 

sSTOP CHAR 

sBUFF FOR “FILE” 
sSYSTEM MONITOR 
Tbe ine LOOP 
sCONSOLE OUT 
sCOMMAND RECOGNITION 
sINTO ANY BUFFER 


;LSB OF COORD NO. 


"COORD* UPDATES THE COORDINATION 


; 
; NUMBER OF A GIVEN RUN. 
; 


2E1036A5 COORD 


C7 
<3 | 
D7 
31 
DF 


0401 
SC3A 


LXI H,STACK+5 


MOV 
DCR 
MOV 
DCR 
MOV 
ADI 


CPI 


a Fe C2 2 
Sew 
at = = 


SAH 
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;LOAD COORDINATION 
; NUMBER INTO 
; A,B,C,D 


sINCREMENT AND 
; DECIMAL ADJUST 
weeASCII 10 7? 





O8AD 
O8BO 
O8B 1 
O8B4 
O8B6 
O8B7 
O8B9 
O8BB 
O8BE 
O8BF 
OgC2 
O8C4 
O8C5 
08C7 
O8sCc9 
Ogscc 
OsCD 
OSCF 
08 DO 
O8DI 
O8D2 
O8DS 
08 D4 
O8D5 
08 DS 
O8D9 
O8DA 
O08 DD 
OSDE 
OS8DF 
O8k2 
O8E4 
O8E7 
O8EA 
O8EB 
O8ED 


O8FO 
O8F 4 
O8k7 
O8FB 
O8FE 


0901 
0905 
0908 


40B 408 
Cg 
44CD08 
OE30 
C2 
0401 
3C3A 
400208 
DO 
44CD08 
1630 
ox 
0401 
3C3A 
40EBO8 
Dg 
36A5 
F9 

31 


OEZO 
467C00 
467C00 
O7 
LESO 
44CD08 


ZEZT3E9S 


46E800 


2h 115600 


46FCOO 
449700 


2E2T369C 


46800 


2E 113600 


ADJ1: 


ADJ23 


DONE]: 


ADJ3:3 


® @2e We we we 


RUNNO: 


MNT: 


“RUNNO” PRINTS OUT 
Lisl S ENTER SDE With 
BIVABLESSIHE USER TO INSERT DESIRED 
; RUN NUMBER INFO. 


JNC 
MOV 
JMP 


ADJ 
BA 
DONE 1 
MVI B,‘O° 
MOV A,C 

ADI 1 

CPI 3AH 

JNC ADJ2 
MOV C,A 

JMP DONE! 
“wi Ge 
MOV A,D 

ADI 1 

CPI 3AH 

JNC ADJ3 
MOV D,A 

MVI L,NEWNO 
MOV 
DCR 
MOV 
DCR 
MOV M, 
MOV B, 
GALL C 
INR L 

MOV B,M 
CALL CO 
INR L 

MOV BM 
CALL CO 
MVI BB,’ ° 
CALL CO 
GALL CO 
RET 

yal 4 vely 
JMP DONE! 


sJUMP IF TRUE 
sELSE RESTORE 
ELL 

sRESET UNITS DIGIT 
sCHECK 10°S DIGIT 


*RESET 10°S DIGIT 
sCHECK 100°S DIGIT 


*STORE NEW NUMBER 


9 
9 


war ars 


B 
c 
D 
M ‘OUTPUT NEW NUMBER 
0 

sOUTPUT 2 SPACES 


s;BACK TO CALLER 
s OVERFLOW 


"RUN NO. ' 
‘CONTROL R‘*, AND 


LXI H,LRUN -*°RUN NO. ” 
CoE LEST 
LXI H,1100H sBLANK PAGE 
CALL GETD 
JMP CNTRL 


"“CMNT” IS USED TO FLAG AND ENTER 
A ONE LINE COMMENT. 


LXI H,LCOM ok 
GAEL LIST 


LXI H,1100H eBLANK PAGE 
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090C 
OSOF 


Ogle 
0916 
O919 
O9IC 
O91D 
OSIE 
0920 
09235 
0924 
a2) 


0928 
092B 
Bock 
0952 
09335 
09355 
0958 
OS3SA 
093D 
BIOE 
0941 
0942 
0943 
0945 
0948 
09 4B 
O94E 
0951 


46FCO00 
449700 


Ze 13560! 


46FCOO 
467100 
51 

C7 
SCOA 
6389700 


467100 
467100 


2E1F3601 


C7 
SCOD 
68 4E09 
SCOA 
685109 
C8 
467C00 
50 

C6 
5C00 
685509 
445209 
467100 
444109 
467100 


@ WO 26 We CSE CE CE WE WE Se CE CVO WE 


CALL GETD 
JMP CNTRL 


sINPUT COMMENT 
sWHEN DONE, JUMP 


"EDIT" FORMATS THE “FILE” INFORMATION FOR 
EATER Franti oul. USES LPF AS THE LAST 

ENTRY TO TERMINATE THE RECORD. 

"CONTROL F” IS USED TO EXIT THE ROUTINE ONLY 
AFTER EDITING AN EXISTING FILE. “CONTROL Z” 
IS USED TO STEP FOREWARD THROUGH AN EXISTING 
RECORD IN ORDER TO SUBSTITUTE CHARACTERS. 
“RUBOUT” IS USED TO STEP BACKWARD THROUGH AN 
EXISTING RECORD IN ORDER TO SUBSTITUTE 
CHARACTERS ("RUBOUT" ALWAYS PRECEEDS THe 

NEW CHARACTER STRING). 


9 

EDIT: LXI H,BHEAD+1  ;TOP OF BUFFER 

ELOOP: CALL GETD 
CA CREF 
DCR L *FETCH LAST ENTRY 
MOV A,M 
CPI LF eIF LF, THEN DONE 
JZ CNTRL 
INR L *ELSE CONTINUE ENTRIES 
INR L 
JMP ELOOP 

‘HDR® PRINTS OUT THE HEADER WHICH WAS 


lL. We we we we CO CO Ce we CO we we 


HLOOP : 


Bie lee 


NEXT: 
DONE2: 


Dine. 


ENTERED BY THE ABOVE ROUTINE. 

IP 1s sese USe0 TO OUTPUT MUbTI-eLINE 
RECORDS WHICH END WITH A SEPARATE LF CR 
SEQUENCE. CONTAINS AN OVERRUN PROTECTION 
TO PRENVENT AN INFINITE OUTPUT LOOP 

Lo Tiveewend (HA THE timo CALL TO “EDIT” 
WAS ENDED WITH “CONTROL F” RATHER THEN LF. 
COMMAND WORD FOR ENTRY = “FILE” 


CALL CRLF 
CALL CRLF 
LXI H,BHEAD+1 
MOV A,M 
CPI SCHAR 
JZ NEXT 
CPI LF 

JZ DONE2 
MOV B,A 
CALL CO 
INR L 

MOV A,L 
CPI oO 

JZ ERR2 
JMP HLOOP 
CALL CRLF 
JMP HL1 
CALL CRLF 


sCHECK FOR 
sCHECK FOR EOR 
sPRINT CHARACTER 


*GET ANOTHER 
*CHECK FOR OVERRUN 


Oe 
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0954 


0955 
0959 
O95C 


O95D 
0960 


0965 
0967 
OS6A 


O96E 
0970 


0975 
0977 
0979 
OSTA 
O097C 
O9TF 
0985 
0985 
0986 
0988 
O98B 
O98F 
0991 


0994 
0998 
0999 
O99A 
O99B 
OS9E 


07 


2265629 
46E800 
07 


462809 
449700 


2E2636 72 
463209 
2E 103650 


3E00 
44A 100 


2ELO36AE 
SESS 

31 

SEO2 
449700 
2ELO36AE 
5E62 

31 

5SEOl 
449700 
2E LO36AE 
8 
448509 


2E LO36AD 
ea 

50 

DF 
466700 
21 


ERR2: 


“rj we Se C20 20 Oe CWO we CO WO we 


ILE: 


ee we we we we 


AlTs 


MS253 


MS15s 
EXIT: 


MS3: 


@ @e@ @e¢ We 


@ 


VWAITs 


VLOOP : 


WITH HL. 


"WAIT" 
Which TomuSmimey SCAN” 
PROVIDE A DELAY BETWEEN DATA POINTS. 


RET 


Exe iimieenitc 
CALL LIST 
Rep 


CALL HDR 
JMP CNTRL 


sERROR MSG OUT 


pAlee LTomuseD AS THE ENTRY POINT FOR THE 
SUT UL ORs MULTI-LINE RECORD ENTERED 
WH SE pit Sante OOP ~ 
FOR MULTI-LINE RECORDS POINTED TO 
peeesuen RECORDS MUST END WITH 
A LF CR SEQUENCE. 
IN ADDITION, ALL SUCH RECORDS MUST NOT 
CROSS PAGE BOUNDARIES. 


[Snes ENTRY POINT 


PS USED TO STORE GA SDELAY PARAMETER 


LXI H,LWAIT 
CALL HLOOP 
LXI H,STACK+16 


MVI 
JMP 


M,0O 
RECOG 


LXI H,STACK+14 
MVI M,83 

DCR L 

MVI M,2 

JMP CNTRL 

LXI H,STACK+14 
MVI M,98 

DCR L 

MVI M,1 

JMP CNTRL 

LXI H,STACK+14 
MVI M,23 

JMP EXIT 


LXI H,STACK+13 
MOV E,M 

INR L 

MOV D,M 

CALL DELAY+2 
DCR E 


68 


IN ORDER TO 


eer Our | 

sRESET WAIT FLAG 
sI1O0 TURN OFF 
s;DEFAULT OPTION 


sGET WAIT FACTOR 
*FROM OPERATOR 
*STORE 25MS DELAY 
*FINE STORAGE 
sCOARSE DELAY 


Jone ols DELAY 


SoU MEoms DELAY 


"VWAIT” VARIABLE WAIT SUBROUTINE 
CALLED BY THE SCAN ROUTINE TO PROVIDE 
PROVIDE A DELAY BETWEEN DATA POINTS. 


sCOARSE DELAY 
sCOUNTER 

sFINE DELAY 

sFINE DELAY COUNTER 





O9SF 489A09 
O9A2 O7 


O9AS 
O9A5 
OSA9 
O9AB 
OSAF 
O9BO0 
O9B 1 
O9BS 
O9B6 
O9BS 
O9B9 
O9BC 
OSBF 
O9CO 
09C2 
0905 
O9C6 


09C7 
O9C8 
OSCA 
O9CD 
OSCE 
OSCF 
O9D!1 
O9D3 
O9D6 
OSDS 


OSDB 
O9DE 
O9EO 
O9E2 
O9ES 
OSE4 
O9E6 


2602 


CELOSSGAF 


500 


2&103679 


51 

C7 
SC2E 
6SBFO9 
SEOD 

2 | 
ASAFOS 
44C609 
a 
5E30 
ae | 
48BF09 
3 


3035 
SOOAO0A 
44E009 
3035 


6O070A 
SEOD 
2603 
xe | 

C7 
SC2E 
68E209 


A) OO OO CO CO CO CO UO CO CO OO SO WO CO CO WO WO 


OUND: 


CONTI: 


CONT23 


SiG: 


CONTS: 


CONTS5: 
CONT 43 


MATH 


JNZ 
RET 


MVI 
LXI 
MVI 
LXI 
DOR 
MOV 
CPI 


VLOOP 


JZ CONT2 


MVI 
DCR 
JINZ 
JMP 
DCR 
MVI 


M,SCHAR 
E 

CONTI 
SIG 

L 

M,30H 


DCR E 


JNZ 
DCR 


MOV 
CPI 
JNZ 
DCR 
MOV 
MVI 
CPI 


CONT2 
L 


AM 


CONTS 
i 

A,tM 

M 30H 
35H 


JC EXITS 


JMP 
Crt 


CONTS 
35H 


JC EXIT! 


MVI 
Mvl 
DCR 
MOV 
CPI 


M,SCHAR 
E,3 

L 

AM 


JZ CONTA 
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THESE ROUTINES ARE USED TO IMPROVE 
OUTPUT READABILITY BY ROUNDING THE 
RESULT BUFFER TO 4 SIG DIGITS. 
“NOEX4” ASSUMES DATA NO LARGER THAN 
+ OR - 9999, AND IS USED MAINLY 

FOR VOLTAGE OUTPUT. EITHER 
OR “NOEX4” MUST BE CALLED AFTER “ROUND”. 


NOT SS ,0m 


"ROUND® IS USED TO OUTPUT 4 SIGNIFICANT 
DIGITS FROM THE DISPLAY REGISTER. 

A,B,E,H,L DESTROYED, NO INPUT RESTRICTIONS. 
IS IN ASCII 


sENTRY COUNTER 
sRESET OVERFLOW SIT 


sPOINT TO LSD 
°GET IT 
sIF DP, JUMP 


sELSE INSERT CR 
sNEXT 

Poo. DONE 
sCOMPUTE DIGITS 


sINSERT ZERO 
sNEXT 
sIF E=0, DONE 
sPOINT AT DIGIT 
s TO BE OPERATED ON 
sGET TRIAL DIGIT 
sIF DP GET NEXT 
sELSE CONTINUE 


sINSERT O 


sIF < 5 DO NOT 
s ROUND 


sELSE INSERT CR 
‘DIGIT COUNTER 
sPOINT NEXT 
sGET NEXT 

¢IF DP GET NEXT 





OSES 0401 ADI } HLS oR DLGlT 
O9SEB 3C3A CPI 3AH sIF < 10 DONE 
OSED 60090A JC EXIT2 
OSFO 3£30 MVI M,30H *ELSE RIPPLE CARRY 
O9F2 21 DCR E sNEXT DIGIT 
OS9F3 48—E209 JNZ CONT4 
9 
O9F6 31 LAST: DCR L sGET LAST DIGIT 
OSF7 C7 MOV A,M 
OS9FS 3C2E Cel. sIF DP GET NEXT 
OSFA 68F609 JZ LAS 
OSFD 0401 ADI } sINCR DIGIT 
OSFF 3C3A CPI 3AH sIF OVERFLOW JUMP 
OAO!] 68130A JZ EXITS 
OA04 44090A JMP EXIT? sELSE PRINT 
9 
OAO7 O6O0D EXIT!: MVI A,SCHAR sNORMAL EXIT 
OAOS FS Erii2:. Mev ten 
Maun 22103670 EXIT5: LXI H,RESLT sSIGN OUT 
OAOE CF MOV BM 
OAOF 467C00 CALL CO 
OA12 07 RET 
OA!3 3ESO EXIT3: MVI M,30H sINSERT O 
OA15 2—E103670 Ext fakeolt sDISPLAY BUFFER 
OA1S CF MOV BM sSIGN OUT 
OALA 467C00 CALL CO 
OAID OF3! MMVI Baal sOVERFLOW DIGIT 
OAILF 467C00 CALL CO 
OAZ2 2ELOS6AF LXI H,STACK+1!15 3SET OVERFLOW FLAG 
OA2S SEO! MVI M,! 
OA28 07 RET 
9 
¢ "NOEX4” IS USED TO CHANGE FROM EXPONENTIAL 
s FORMAT TO DECIMAL FORMAT FOR NUMBERS 
s « oe! . MUST NOT BE USED FOR RESULTS 
; >+ OR - 9999. AS THE ROUTINE ASSUMES ONLY 
; SMALL NUMBERS ARE IN “E” FORMAT. 
¢s USED TO IMPROVE THE READABILITY OF 
7 VOLIAGE VOUTPUT . 
¢ SIGN IS ASSUMED ALREADY OUT. 
9 
OA29 2ZELO36AF NOEX4s LXI H,STACK+15 sCHECK FOR OVERFLOW 
OA2D C7 MOV A,IM 
OA2ZE 3C01 CPI } 
OA30 6A7EOA CZ EXIT6 sOUTPUT CARRY 
OA33 2E1035679 LXI H,RESLT+9 sCHECK FOR E FORMAT 
OA37 C7 MOV A,M 
OA38 3045 Cri se: 
OA3A 48850A JNZ EXIT7 sIF NO, NORMAL EXIT 
OA3SD 2E10367C LXI H,RESLT+12 3GET # DECIMAL PLACES 
OA4!1 C7 MOV A,™ 
OA42 2ELOS6AF LXI H,STACK+15  sSCRATCH 
OA46 1431 Sut i s# LEADING 0°S 
OA48 F8 MOV M,A sSAVE 
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OA 49 
OA4A 
OAAC 
OA 4F 
OA52 
OA56 
OA57 
OA59 


EO 

5CO4 
AO06FOA 
AG6FOA 
2ELO3S6AF 
CF 

0604 

91 


OAS5A EO 


OA5B 
OASF 
OA60 
OA6S 
OAG4 
OA65 
OA67 
OAGA 
OA6B 
OAGE 
OAGF 
OAT71 
OAT4 
OATE 
OA79 
OATA 
OA 7D 
OATE 
OA82 
OA84 
OA85 
OA8S 


OASC 
OA90 
OA91 
OASS 
OA9E6 
OASA 
OASD 
OAA 1 
0000 


2E 103671 


2E 103675 
SEOD 

O07 
2EL05671 
44E 800 


2E 1LOS6AF 
C7 

5CO01 
SATEOA 
2E 1035671 
46E800 
ZE 1035679 
44E800 


DGOUT: 
DLOOP 3 


SKIPDs 


ZERO: 


ZIBOOR : 


EXIT6: 


EXIT7: 


eT) ON 


Re}, 


END 


MOV E,A 

CPI 4 

JNC ZERO 

CALL ZERO 

LXI H,STACK+15 
MOV B,M 

MVI A, 
SUB B 
MOV E, 
LXI H, 
MOV B, 
CALC 
INR L 
MOV A,M 

co a 

JZ SKIPD 

DCR E 

JNZ DLOOP 

RET 

Mut Bate 
CALL CO 

MVI B,°0" 
CAuL CO 

DCR E 

JNZ ZLOOP 

RET 

LXI H,RESLT+5 
MVI M,SCHAR 
RET 

LXI H,RESLT+1 
JMP LIST 


4 
A 
RESLT+1 
M 
fe) 


LXI H,STACK+15 


MOV A,M 

CPI 1 

CZ EXIT6 

LXI H,RESLT+1 
CAliee terou 

LXI H,RESLT+9 
JMP LIST 


an 


PSoeUSED 10 RETA 


sCOUNTER 


-IF >3 0°S, NUMBER=0 
*OUIPUT LEADING O'S 


s RESTORE 
*# SIG DIGITS 


sDIGITS REMAINING 


sCOUNTER 
*SKIP SIGN 


sDrGit OUT 


‘SA LP DP 


{LEADING 0°S OUT 


sTRUNCATE LS O 


sNORMAL EXIT 


[Eee ROUGH “LIST” 


"Ee 98 


sCHECK FOR CARRY 


sOUTPUT MANTISSA 


[OGTR Ud VEAP 


; 

: FORMAT IN 

$ ORDER TO DISPLAY VERY LARGE OR VERY SMALL 
; RESULTS. SIGN ASSUMED OUT. 

3 

of 





1050 
1OA0 


10C0 
00CO 
1O0A0 


LOA1 
10A2 


0080 
0800 


0994 
O8A0 
OSAS 


OA29 


OA8C 


0145 
0045 
O81B 


OFE4 
OOE8 
0071 
OOF8 
OOFC 
1040 
1058 
OO7C 
0097 
O154 
O36E 
O33E 
03D7 


@e 28 Ce Ce CO we Be CO Ce CSS CSE WF 


FOPND 
PAGE 


SCANB 
SCB 
STACK 


Lhe 
CHNPT 


CFB 
SHOLD 


VWAIT 
COORD 
ROUND 


NOEX4 


YESEX 


DISPY 
RVI 


I5 
Bio 1 
CRLF 
GET 
GETD 
DOP ND 
STORE 
CO 
CNIRL 
BINFP 
LOD 
STR 
AD 


EQU 
EQU 


EQU 
LQU 
EQU 


EQU 
EQU 


EQU 
EQU 


EQU 
EQU 
EQU 


EQU 


EQU 


KQU 
EQU 
EQU 


EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
LQU 
EQU 
EQU 
EQU 
EQU 
EQU 


SCAN ROUTINES 
PROVIDES THE LOGIC NESSARY TO TAKE 

128 SETS OF DATA POINTS FOR UP EIGHT 
CHANNELS OF DATA CIN ANY ORDER) WITH USER 
DEFINED TIME DELAY. THE RESULT IS CONVERTED 
TO UNITS DEFINED BY THE USER. 


RQUATES NOT ANNOTATED 
IN PREVIOUS SECTIONS. 


1050H 
LOQAQH 
1OCOH 


OCOH 
PAGE 


PAGE+1 
LINE+1 


O80H 
O800H 


OS94H 
OSAOH 
OSASH 


OAZSH 


OAS8CH 


O145H 
O045H 
O81BH 


OFE 4H 
OOE 8H 
OO71H 
OOF 8H 
OOFCH 
1040H 
1058H 
OO7CH 
OO97H 
O154H 
O356EH 
O35EH 
O3D7H 


CAN Bre FOUND 


sFLOATING POINT 
sOPERAND BUFFER 
sHIGH ADD FOR RAW 
sDATA STORAGE 
sCHANNEL SEQUENCE BUFF 
sSTART OF SCAN BUFF 
sSTART OF VARIABLE 
sSCRATCH PAD 

sLOW ADD FOR RAW 
sDATA STORAGE 
‘POLNTo 10 A LON IN 
sTHE SCAN STORAGE BUFF 
sSTART OF CF BUFFER 
sSAMPLE/HOLD/CONVERT 
sCOMMANDS FOR A/D 
sVARIABLE TIME DELAY 
sUPDATE COORDINATION # 
sROUND OUTPUT BUFFER 
ShOmaeslG DIGLTS 
sCONVERT SMALL NOS. 
sFROM “E“ FORMAT 

sTO “F”™ FORMAT 
sRETAIN "E™ FORMAT 
sWITH 4 SIG DIGITS 
sFOR NUMBERS LT .1! 
JOR: GleSO99S9S. 
sASCII«-BCD 

sCONSOLE INPUT 

sRAW DATA TO VOLTS 

s INTERPOLATION 
$e0078125 





O58C 
1070 
O7OF 
O1SA 
O00D 


0000 


26A7 
26C7 
2610 
C6FS 
ear 
eorr 
2/04 
2750 


OABO 


OAB4 
OABS 


MUL EQU 
RESLT EQU 
OUU EQU 
STRIP  EQU 
SCHAR EQU 
9 

ORG 
9 
: MESSAGES 
9 
LSCAN EQU 
INFO EQU 
LERRI EQU 
Cl EQU 
C2 EQU 
eS EQU 
DWAIT EQU 
EXP EQU 


we 


we we we we we 


INRM™ 


we we we 


2E1036A2 INDF: 


oe 
C7 


OAB6 O07 
2E1036A0 INDP: 


OAB7 


OABB 
OABC 
OABD 
OABE 
OABF 
OACO 
OAC4 
OACE 
OAC7 
OACS 


DF 
50 
ne 
EB 
O7 


2E1036A0 SCAN2: 


Se. c 
30 
SEOO 
50 


MACRO POINT ,N 
LXI H,POINT 


MOV 
ADI 


O38CH 
1070H 
O70FH 
O13AH 
ODH 


OABOH 


2SATH 
26C7H 
2610H 
26F3H 
2onan 
26FFH 
2/04H 
2150H 


MACRO DEFINITIONS 


A, tM 
N 


MOV M,A 


ENDM 


CAL HeGnwe T 


MOV 
MOV 
ReT 
LXI 


MOV 
INR 
MOV 
MOV 
RET 
eal 
MVI 
INR 
MVI 
INR 


COMMON SUBROUTINES 


(2 


“SCANS” TAKES 128 SETS OF DATA 
POINTS AT VARIABLE INTERVALS. 


sINCREMENT A MEMORY 
sLOCATION N TIMES 


INDIRECT FETCH AND STORE 
eIN °A’. CHNPT CONTAINS 
*LOW ADD. DATA ASSUMED 
2ON SAME PAGE 


sINDIRECT POINTER 
sSTORED IN FIRST 2 
soAGK POSKES. 
SAVE 


sLOW POINT 
sHIGH POINT 


sINITIALIZE 
‘DATA INPUT BUFFER 


sFIRST STORAGE LCN 





OACA 
OACC 


OACD 


SECO 
07 
SKIP 3 


2k 10356A2 


OAD! C7 


OAD2 
OAD4 


OADS 
OADS 
OADA 
OADD 
OADE 
OAE2 
OAE4 
OAES5 
OAE6 
OAES8 
OAES 
OAEC 
OAEF 


OAFS 
OAFS6 
OAFA 


OAFB 
OAFE 
OBOO 


OBOS 
OBO5 
OBOS 
OBOB 
OBOC 


OBOF 
OB 13 
OB14 
OB16 


OB17 
OB IB 
OBIC 
OBIE 


OBIF 
OB22 


0401 
FS 


46BO0A 
5C08 
40CDOA 
07 

2E L056A0 
SEL? 

50 

50 

SECO 

07 
46B70A 
465401 
224105658 


SCAN4: 


DATA: 


466405 
2k 103650 
07 


U) ee we we 


46BOOA 
5COD 
§8220B 


5C08 
42CDOA 
46B70A 
50 
460008 


2b 1056A0 
C7 

0401 

F8 


2E1056A2N) 
C7 

0401 

FS 


44FBOA 
COUNT: 
2ELOS6Al 


OB26 C7 


OB27 
OB29 


0402 
FS 


MVI M,SCB 
RET 

INRM CHNPT,1 
LXI H,CHNPT 
MOV A,M 

ADI OOOO1H 
MOV M,A 


CALL INDF 
CPI 8 
JNC SKIP 
RET 

LXI H,PAGE 
MVI M,12H 
INR L 

INR L 

MVI M,SCB 
RET 
CALL INDP 
CALL BINFP 
LXI H,STORE 


CALL LOD 
LXI H,FOPND 
hea 


CALL INDF 
CPI SCHAR 
JZ COUNT 


CPI 8 

CNC SKIP 
CALL INDP 
INR L 

CALL SHOLD 
INRM PAGE, 
LXI H,PAGE 
MOV A,M 
ADI OOOOIH 
MOV M,A 


INRM CHNPT,|1 
LXI H,CHNPT 
MOV A,M 

ADI OOOO1H 
MOV M,A 


JMP SCANS 
INRM LINE,2 
LXI H,LINE 
MOV A,M 

ADI 00002H 
MOV M,A 


74 


sSTART OF INFO BUFFER 


say Ree erie) leah 


sTEST NEXT CHAR 


sRE-INIT BETWEEN SCANS 


sPOINT TO RAW STORAGE 
*CONVERT TO F.P. 
*LOAD AND POINT 

* TO OPERAND 


;GET DESIRED CHANNEL 


sIF ALL CHANNELS SCANNED 
s SET UP NEXT STORAGE 
sA>=8 ? 

pee RUE se UMP 


sINPUT RAW DATA 
sNEXT CHANNEL 


sNEXT VECTOR POINTER 


;GET NEXT DATA 
sNEXT STORAGE 





OB2A 2B RZ 
OB2B 469409 CALL VWAIT 
OB2ZE 46DE0A RESET: CALL SCAN4 
OB31 44FBOA JMP SCANS 

; 

; 

; 

e "SCANS° 

; 

© "SET SCAN’ ROUTINE. 

; 

; 
OB34 46D10B SCANS CALL COLMN 
OB37 467100 CALL CRLF 
OB3A 07 RET 
OB3B 467100 RSCAN: CALL CRLF 
OB3E 46A008 CALL COORD 
OB41 46COOA CNTU7: CALL SCAN2 
OB44 46FBOA CALL SCAN3 
OB 47 46COOA DONE: CALL SCAN2 
OB4A 463008 AVE: CALL INDF 
OB4D 3COD CPI SCHAR 
OB4F 2B RZ 
OB50 3C08 CPI g 
OB52 42CDOA CNC SKIP 
OB55 2E!1L036AS6 LXI H,STACK+6 
OB59 DO MOV C,A 
OB5A BO ORA A 
OB5B 12 RAL 
OB5C 12 RAL 
OB5D OES8O MVI B,CFB 
OBSF 8} ADD B 
OB60 F8 MOV M,A 
OB6! C2 MOV A,C 
OB62 46ESOA CALL DATA 
OB65 463E03 CALL STR 

AVEL: INRM LINE,2 
OB68 2E1036A! LXI H,LINE 
OBSC C7 MOV A,M 
OB6D 0402 ADI 00002H 
OBGF F8 MOV M,A 
OB70 68830B JZ NEXTP 
OB73 46ES0A CALL DATA 
OB76 46D703 CALL AD 


ae) 


sCHECK FOR END 
sKILL TIME 
*GET ANOTHER SET 


TAKES SETS OF DATA FROM THE 
CHANNEL ASSINGMENT DEFINED BY THE 


*PRINT COLUMN HEADINGS 
*BACK TO CONTROLLER 


sUPDATze COORDINATION 
sNUMBER 

sINIT FOR NeXT SCAN 
paeoO ENTRY POINT FOR 
sSCANNING WITHOUT 
sCOL HEADINGS 

sTAKE SET OF DATA 


°GET CHANNEL 
* COMPUTE AVERAGE 


sRETURN TO CALLER 


eSTORAGE FOR CONVERSION 
sFACTOR VECTOR. 

sSAVE ‘A* 

sCLEAR CARRY 

sMPY BY 4 


sSTART OF CONVERSION 
sF ACTOR BUFFER 
sCOMPUTE VECTOR 
sSTORE VECTOR 
sRESTORE ‘A° 
sCONVERT AND STORE 


sNEXT RAW DATA 


*IF DONE, OUT RESULTS 
sSETUP FOR NEXT SCAN 
*CONVERT AND STORE 
*RAW DATA POINT 
*ADD TO PREVIOUS 





0B79 
OB7D 
OBS80 
OB83 


OBS 7 
OBSA 
OBSE 
OB91 
OB94 


OB9SS 
OB99 


OBSC 
OB AO 
OBAS 
OBA6 
OBAS 
OBAD 
OBAE 
OBBO 
OBBS 
OBBS 
OBBS 
OBBB 


OBBE 
OBC2 
OBC3 
OBCS 


OBC6 


2E 103650 
465E03 
44680B 
2EOFSE6EE4 


466E035 
2k 103650 
468C03 
462208 
2ELOSGAG 


F7 
468C03 


2E 103670 
460F 07 
464501 
46 A309 
2h 10368 | 
C7 

3C59 
§8250C 
46290A 
OE20 
467C00 
467000 


ZELOS6A0 
C7 

0401 

FS 


2E1036A2 


OBCA C7 


OBCB 
OBCD 


OBCE 


OBD! 


OBDS 
OBD7 
OB DB 


OBDC 
OBDE 
OBE] 
OBES 
OBES 
OBEA 


0401 
FS 


444A0B 


2ELOS6A2 


SECO 
2k 1056B 1 
C7 


3059 
48F00B 
CE2ES EFS 
46E800 
OEOD 
467C00 


LXI H,FOPND 
CALL STR 
JMP AVEL 
Br Hes 


CALL LOD 

LXI H,FOPND 
CALL MUL 

CALL RVI+7 
LXI H,STACK+6 


MOV LM 
CALL MUL. 


LXI H,RESLT 
CALL OUU 
CALL DISPY 
CALL ROUND 
LXI H,STACK+17 
MOV A,M 

CPI ‘Y° 

JZ EXP] 
CALL NOEX4 
Mul ooo 
GAEL, CO 
CALL CO 
INRM PAGE, 1 
LXI H,PAGE 
MOV A,M 

ADI OO001H 
MOV M,A 


INRM CHNPT,]1 
LXI H,CHNPT 
MOV A,M 
ADI O00001H 
MOV M,A 


JMP AVE 


LXI H,CHNPT 


MVI M,SCB 
LXI H,STACK+17 
MOV A,M 


€Pl ay" 

JNZ CNTUD 
Ux HeCi 
CALL LIST 
MVI B,SCHAR 
GALL CO 
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sSTORE PARTIAL SUM 


sCOMPUTE AVERAGE 
* AND CONVERT TO 
> VOLTAGE UNITS 
sA-.0078125 


sAeA*SUM 

sA“VOLT CA) 
sCONVERSION FACTOR 
; VECTOR 


sCHANGE FROM VOLTS 
sTO USER DEFINED UNITS 


sCONVERT TO DECIMAL 
sCONVERT TO ASCII 
*4 SIG DIGITS 
sFORMAT CHECK 


SIF TRUZ,"E" FORMAT 
sELSE "F" FORMAT 
sOUTPUT 2 SPACES 


ies ale 


sC=C+1 


*LOAD POINTER WITH 
‘START OF SCAN BUFF 


sCHECK FOR 
3"E" FORMAT 

sYES ? THEN CONTINUE 
sELSE JUMP 

- # ® 


sCARRIAGE RETURN 





OBED 44F70B JMP CLOOP 
OBFO 2E2636F3 CNIUD: LXI H,C} 
OBF4 46E800 CALL LIST 
OBF7 46BOOA CLOOP: CALL INDF 
OBFA 3COD CPI SCHAR 
-OBFC 2B RZ 
OBFD 3C08 CPl 8 
OBFF 42CDOA CNC SKIP 
ocod2 0430 ADI 30H 
OCO4 EO MOV E,A 
O0CO5 2E1036B1 LXI H,STACK+17 
OCOS C7 MOV A,M 
OCOA 3C59 CPi oe 
OCOC 682B0C JZ EXP2 
OCOF 2E2636F7 CNTUS: LXI H,C2 
0C13 46E800 PALL EIST 
OCi6 CC MOV B,E 
0C 17 467COO CALL CO 
INRM CHNPT,1 

OCIA 2E1L036A2 LXI H,CHNPT 
OCIE C7 MOV A,M 
OCiF 0401 ADI OOOOILH 
OC21 F8 MOV M,A 
OC22 AAF7OB JMP CLOOP 
OC25 468COA EXP 1s CALL YESEX 
OC28 44B60B JMP CNTUS 
OC2B 2E2636FF EXP2; Ux. H,cS 
OC2F A6E800 CAEL LIST 
OC32 440F0C JMP CNTUS 

9 

’ 

: 

’ 

’ 

10 ZERO. 
OC35 2E1036A5 SSCANs: LXI H,STACK+5 
OC39 3E30 MVI M,°O° 
OC3B 31 DCR L 
OC3C 3E30 Piva O.. 
OCSE 31 DCR L 
OC3F 3E30 MVI M,°O°* 
OC 4! 2E103SBO PRM1: LXI H,STACK+16 
OC 45 C7 MOV A,M 
OC46 3C2A Chin xc 
OC 48 485E0C JNZ CNTUS 
OC 4B 2E1036AD Pal Hot ACK+13 
OC4F 3E01 MVI M,1 
Beot 30 INR L 
BG22 SE62 MVI M,98 
0C54 2E273604 LXI H,DWAIT 
OC58 AS6ESOO CALEV ETS EL 


(a 


a # . 
sGET CHANNEL 


sRET WHEN DONE 
sIGNORE DELIMITERS 


sCONVERT TO ASCII 
‘SAVE CH. NO. 
sCHECK FORMAT 


sIF TRUE, "“E” FORMAT 
sADJUST HEADINGS 


3 CH 
sRECALL CH. NO. 
sOUTPUT 

sC=C+] 


ae erOR AT 
s"E" FORMAT COL ADd 


"SSCAN’® SET SCAN ENTRY POINT. PRINTS 
INSTRUCTIONS AND STORES THE NUMBER 

AND SEQUENCE OF CHANNELS TO BE SCANNED. 
IT ALSO SETS THE COORDINATION NUMBER 


sRESET COORD # 


sCHECK FOR WAIT FLAG 


sJUMP IF NOT SET 
sELSE LOAD DEFAULT 
One glo 


sINFORM OPERATOR 





OC5SB 
OC5SE 
OC 62 
0C 65 
OCé69 
océCc 
OCGF 
0C70 
OC72 
OC 75 
OC 77 
OC7A 
oc7c 
OC 7F 
0C83 
OC86 
OC89 


OCS D 
OC $0 
0C94 
OC97 
OCSA 
OC 9D 
OCA1 
OCA4 
OCA7 
OCAA 


OCAD 
OCB 1 
OCB2 
OCB4 
OCB7 
OCBA 
OCBD 


OCC 1 
OCC4 


OCC7 
OCCA 
OCCE 
OCD} 
0000 


467100 

2E273630 CNTUS: 
46E800 
2E10356B 1 
464500 
467C00 
Cl 

SC 4E 

687 A0C 
SE59 
447C0C 
SE 4E 
467100 
2ESES6AT 
46E800 
467100 
2k 1036C0 


NOEXPs: 
CNTU6: 


46FCOO 
2E 10356C0 
465A01 
467100 
467100 
2k2656C7 
46E800 
467100 
467100 
449700 


Chlwo we we we 


2E1036CO SCAN: 
Cm 

5SC2A 
68CA0C 
467100 
4635 40B 
2E1036D0 LOOP: 
46FCOO0 

465B0B 


44B DOC 
24265610 
A6E800 
449700 


ERR1s 


END 


"SCAN® 
CHANNELS DEFINED ABOVE. 


CALL CRLF 
LXI H,EXP 

Gar list 

LXI H,STACK+17 
oh ei 

CALL CO 

MOV A,B 

CPI ‘N° 

JZ NOEXP 

MVI M,°Y° 

JMP CNTU6E 

MVI M,°N® 

CALL CRLF 

LXI H,LSCAN 
Gal, item 

CALL CRLF 

LXI H,SCANB 


CALL GETD 
LXI H,SCANB 
CALL STRIP 
CALL CRLF 
CALL CRLF 
LXI H,INFO 
CALL LIST 
CALL CRLF 
CALL CRLF 
JMP CNTRL 


sASK QUESTION 

s"E” FORMAT FLAG STORE 
sGET VALUE 

sECHO BACK 

sRESTORE A 


sJUMP IF "N" 
sELSE STORE “YES” 


sELSE STORE "NO" 
sASK QUESTION 
sENTER CHANNELS IN 
> DESIRED ORDER IN 
> THE SCAN BUFFER 


sCONVERT TO BCD 
sINSTRUCTIONS 


sBACK TO MONITOR 


EXECUTION POINT FOR MANUALLY SCANNING 


LXI1 H,SCANB 
MOV A,M 

CPI ‘x' 

JZ ERR1 
CALL CRLF 
CALL SCANS 
LXI H,10DOH 


CALL GETD 
CALL RSCAN 


JMP LOOP 
LXI H,LERR1 
CALL LIST 
JMP CNTRL 
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;VALIDITY CHECK 
;BOOT DEFAULT 


*START SCAN ROUTINE 
eWAIT FOR COMMAND 
*FROM OPERATOR 


sRESCAN FOR ANOTHER 
*SET OF DATA 
sCONTINUE 

°MSG OUT 





0000 


10A0 
1OA9 


0009 
0030 
0050 
0010 
0060 


106D 
OAES 


OO6A 
O85! 


Og 1B 


10g0 
OB 41 


10CO 


0189 
0g00 
OOOD 
0065 
0071 


0097 


OOFS 
OLSA 
0145 
OOE8 
O154 
1040 
1050 
1058 
O33E 
OS6E 


@2e @8 ©2S8 we WE WS wS CWS CVO WE 


we we 


STACK 
FCNT 


CMD 
CMDUP 
CMDDN 
OFF 
BUMP 


RAW 
DATA 


meek 
VRI 


RVI 


CFBUF 
CNTU7 


SCANB 


FPBIN 
SHOLD 
SCHAR 
DELAY 
CRLF 
CNTRL 
GET 
SiimiP 
DISPY 
Eis) 
BINFP 
DOP ND 
FOP ND 
Seer e 
STR 
LOD 


IN THE 


BR uN 


ORG 


EQU 
EQU 


EQU 
EQU 
EQU 
KQU 
EQU 


EQU 
EQU 


EQU 
EQU 


EQU 


EQU 
EQU 


EQU 


EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 


EXTERNAL DEVICE DRIVER 

THIS SECTION CONTAINS THE LOGIC NECESSARY 
TO TURN ON TWO RELAYS (*UP* AND °DOWN*) IN 
ORDER TO CAUSE SOME PHYSICAL DEVICE TO 
MOVE TO A DESIRED LOCATION. SUBROUTINES 
LISTED HERE ARE ALSO USED BY THE SOFTWARE 
SECTION IN ORDER TO 

PROVIDE AN AUTOMATIC CONTROL FUNCTION. 


OC EOH 


!QAQH 


STACK+9 


Stl 
50H 
20H 
10H 
SOH 


1O6DH 
OAESH 


O06 AH 
O83 1H 


O81BH 


1O080H 
OB4AlH 


10COH 


O1L8SH 
O800H 
ODH 

OO65H 
OO71H 
OOS97H 
OOF 8H 
O1SAH 
O145H 
OOES8H 
O154H 
10 40H 
1050H 
1058H 
O33EH 
O36EH 


EQUATES NOT ANNOTATED CAN BE FOUND 
IN PREVIOUS SECTIONS. 


sCOUNTER IN NOISE 
sFILTER ROUTINE 
SOU rm Ur mine 1 
sACTIVATE “UP” RELAY 
sACTIVATE “DOWN” RELAY 
sRELAYS OFF 

s TRANSPORT DELAY 

sob e ete AL? 

sRAW DATA INPUT BUFER 
s RAW DATA TO F.P. 
sLOAD ACCUM AND POINT 
sTO OPERAND 

°4.5 MS DELAY 

sVOLT UNITS TO 

sBINARY A/D COUNT 
sBINARY A/D COUNT TO 
sVOLTAGE UNITS 
sCONVERSION FACTORS. 
sREMOTE ENTRY TO “SCAN” 
sROUTINES WITH COLUMN 
sHEADINGS OFF 

sBUFFER CONTAINING 
sCHANNELS TO Be SCANNED 
*BINGF .P. 





03D7 
038C 
03B4 
06 4B 
O70F 
OFE4 


26FF 
eiir 


OCEO 


OCE | 
OCE2 
OCES 
OCE4 


OCEB 
OCEC 
OCED 
OCEE 
OCEF 
OCFO 
OCF 1 


OCF2 


OCF 4 
OCF7 
OCFA 
OCFB 
OCFC 
OCF D 
OCFE 
OCFF 
ODOO 


ODO! 
ODO3 


C4 


92 
C3 
99 
O7 


ASEBOC 


46200C 


C4 
ee 
DO 
CS 
DS 
C8 
O7 


3601 


46E00C 
AOFEOC 


51 
C2 
94 
O7 
C4 
a2 
O7 


O610 


AD 
MUL 
DIV 
INN 
OUU 
i> 


we 


OVE 


G)*ee ee we [" Cwe we 
= WG 


oe | 
ee 


I> we we 
to 


ees: 


@e 


DATAI: 


2ELO3S66E DATA2S: 


EQU O3D7H 
EKQU O38CH 
kQU O3B4H 
kKQU O64BH 
KQU O7OFH 
EQU OFE 4H 


MESSAGES 


RKQU 26FFH 
EQU 277FH 


COMMON SUBROUTINES 


MOV A,E 


SUB C 
MOV A,D 
SBB B 
RET 


CALL SWAP 
CALL GT 


MOV A,E 
MOV E,C 
MOV C,A 
MOV A,D 
MOV D,B 
MOV B,A 
RET 


MVI L,O! 


CALL GT 
INC YES 
DCR L 
MOV A,C 
SUB E 
RET 

MOV A,E 
SUB C 
RET 


MVI A,OFF 
LXI H,RAW+! 
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sRETURNS CARRY SET 
sIF BC>DE 


sRETURNS CARRY SET 
°IF BC<DE 


*DEeBCe-DE 


sABS CACTUAL=DESIRED) 
sL=1 IF ACTUAL> 

sL=0O IF ACTUAL< 

Ti oeDE==BC 7? 

eJUMP IF TRUE 

eReo ef lAG 


s ACTUAL>DESIRED 


sRELAYS OFF 

sTAKE A SAMPLE FROM 
sCHANNEL O. RELAY DIR 
‘ASSUMED IN A 





ODO7 
ODOA 
ODOB 
ODOC 
ODOD 
ODOE 


ODOF 
ODLO 
OD135 
OD1I5 
OD16 
OD17 


ODI9 
ODIB 
ODle 
OD20 
OD22 


OD25 


OD27 
OD2A 


OD2C 
OD2F 


OD30 


ODS2 
OD35 
0D37 
ODSA 


OD3B 


OD3D 
ODSF 
OD40 
OD43 
OD44 


460008 
DF 
50 
ey 
51 
07 


33 
466700 
O610 
25 

O7 

LE 60 


06350 
440F 0D 
LE60 
0650 
440F 0D 


5CO6 


40980D 
3003 


40170D 
O7 
SCO6 


40B90D 
3003 
401E0D 
O7 


485DOD 


CD we we we we we we we we 


UMP Ms 


BUMP Us 


BUMPDs 


i> we we 
O 
Cc. 
ea 
ee 


i> we we 
O 
O 
ee 


{["" we we 
© 
= 
G2 
ee 


LOOPA: 
BOOrB : 


“BUMP Ia" 


CALL SHOLD 


MOV 
INR 


D,t 
L 


MOV E,M 
DCR L 


gal 


;DE“SAMPLED DATA 


sPOINT TO SAMPLED DATA 


IS USED TO PROVIDE AN EXTERNAL SIGNAL 
OF KNOWN TIME DURATION IN ORDER TO OBTAIN 
EXTERNAL DEVICE MOVEMENT (OPEN LOOP) OF A 
KNOWN AMOUNT. 
INPUT: A=CHANNEL O PLUS RELAY DIRECTION 


GSEE TEXT) 


D=DESIRED DELAY PARAMETER 


OUT 


CMD 


CALL DELAY+2 


MVI 
OUT 
Ree 
MVI 


MVI 
JMpP 
MVI 
MVI 
JMP 


CPI 


JNC 
CPI 


JNC 
vot’ 
CPI 


JNC 
CPI 
JNC 
RET 


MVI 


MVI 


A,OFF 
CMD 


D,BUMP 


A,CMDUP 


BUMPM 
D,BUMP 


A,CMDDN 


BUMPM 


UP 


BUMP U 


DOWN 


BUMP D 


H, 100 


L,ODOH 


DCR L 


JNZ 


LOOPB 


DCR H 


JNZ 


LOOPA 
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sSTART RELAY 
sKILL TIME 
sTURN RELAYS OFF 


sMOVE UP A SHORT DIST 
sBUMP = DELAY 


sMOVE DOWN A SHORT DIST 


sIF LOCATION ERROR >5 
sCOUNTS, MOVE UP 


sIF LOCATION ERROR > 2 
sCOUNTS, BUMP UP 


sCONVERGENCE EXIT 


sERROR ADJUSTMENT CAS 
sABOVE) FOR THE DOWN 
* RELAY 


sCONVERGENCE EXIT 


21.0 SEC DELAY TO GIVE 
sTIME FOR RELAY AND 
sDRIVE MOTOR TO STOP 
sINNER LOOP COUNTER 





OD47 


OD48 
ODAC 
OD4E 
OD51 
OD54 
OD57 
OD5A 


OD5D 
OD60 
OD63 
OD67 
ODGA 
ODG6E 
ODSF 
OD70 
OD71 
OD74 
0D78 
OD7B 
OD7F 
ODge 
OD86 
OD89 
ODs D 
OD90 


OD94 
OD95 
OD96 
OD97 


ODS8 
ODSA 
OD9D 
ODAO 
ODAS 


ODAS6 
ODAS 
ODAC 


07 


2ELO36A9 


STF 


he 


"FLTR™ IS USED TO FILTER OUT “GLITCHES” FROM 
THE A/D CONVERTER AND TO MINIMIZE THE EFFECT 
OF NOISE WHICH COULD MAKE THE 

EXTERNALLY CONTROLLED DEVICE STOP WITH AN 
ABSOLUTE ERROR CACTUAL-DESIRED) GREATER THAN 
AN ACCEPTABLE AMOUNT. 


460 10D 
466A00 
46ECOA 
463E03 
46010D 


46=COA 
46D703 
2E 105650 
4635E03 
2E1036A9 


CF 
OS 
IS) 
485 a0D 


2E 103650 


466zE035 


CEOFSSE4 


468C03 


2& 103650 


465E03 


26103650 


468901 


2EIOSSAT 


CF 
50 
D7 
O7 


06350 

46030D 
46E00C 
S0980D 
46480D 


46E00C 
60980D 
4635B0D 


Cl wo we we we we 


ibgwas LXI H,FCNT sN=COUNT=127 
MVI M,127 
CALL DATA! s;STOP AND TAKE A SAMPLE 
CALL HALF sRELAY REACTION Time 
CALL DATA+3 sCONVERT/LOAD/POINT 
CALL STR sMeAC1) 
CALL DATAI s;TAXKe 127 MORE SAMPLES 
sFORMING RUNNING SUM 
CALL DATA+3 
CALL AD sACNI©A CN) +M 
LAI H,FOPND 
CALL STR sMeACN) 
LXI H,FCNT 
MOV BM s$GET COUNTER 
DCR B sNeN-1 
MOV M,B ;SAVE N 
JNZ LOOP sIF N>O, JUMP 
FAVES: LAI H,FOPND 
CALL LOD sACSUMTACN) ] 
Cit 
CALL MUL 3AeA*.0078125 
LXI H,FOPND 
CALL STR MA 
Ext) Her oR ND 
CALL FPBIN NY en ol = 
EXE nN, STACK+/  sRERCH DESERED ANGLE 
sbCch 
MOV B,M 
LNRS 
MOV C,M 
RET 


"UP" AND “DOWN" ACTIVATE THEIR RESPECTIVE 
RELAYS IN ORDER TO DRIVE POSITION ERROR 
TO Zone (oes etext) 


P: MVI A,CMDUP sA-UP COMMAND 
CALL DATA2 STAKE SAMPLE 
CALL G# sIF ACTUAL<DESIRED, UP 
JC UP 
CALL FLTR sELSE TURN OFF RELAY 

*AND CHECK FOR NOISE 

CALL GT sIF UNDERSHOOT, JUMP 
JC UP 
CALL LONG sWAIT FOR DRIVE MOTOR 


G2 





ODAF 


ODB2 
ODBS 
ODB6 


ODBS 
ODBB 
ODBE 
ODC 1 
ODC 4 
ODC7 
ODCA 
ODCD 
ODDO 
ODDS 
ODD4 
ODD7 


ODDA 
ODDE 
ODE! 
ODE4 


ODE? 
ODEB 
ODEE 
ODFe2 
ODF 5 
ODFS 
ODFC 
ODFF 
OF0S 
OEOS6 
OEOA 
OFOD 


46F20C 


51 
48250D 
44500D 


0650 
46030D 
46E50C 
SOB90D 
46480D 
46E50C 
60B90D 
463B0D 
46F20C 
51 
48250D 
44500D 


ee 1o6 iF 


46E800 
467100 
46F800 


2h 105640 


465A01 


2k 105640 


464506 


2b 105680 


46B 403 
465808 


2E 105640 


465E03 


Z2E 1035640 


468901 
O7 


© we We we we 


OWN: 


3 ee Se We we CO woe CO WO WE 


rile OW ia 


@e we we we 


THE ANNOTATION FOR THE 
ALSO TO THE FOLLOWING ROUTINE. 


shO so! OP 


CALL AB *COMPUTE ABSOLUTE VALUE 
sOF POSITION ERROR 

DCR L sTEST FLAG 

JNZ ADJU *UNDERSHOOT CORRECTION 

JMP ADJD sOVERSHOOT CORRECTION 


sEITHER ADJU OR ADJD 
sTESTS FOR CONVERGENCE 


SUP OROURLNE APPLIES 


MVI A,CMDDN 
CALL DATA2 
CALL LT 

JC DOWN 
CALL FLTR 
CALL LT 

JC DOWN 
CALL LONG 
CALL AB 
DCR L 

JNZ ADJU 
JMP ADJD 


s;DOWN CONTROL 


sOVERSHOOT CORRECTION 
sUNDERSHOOT CORRECTION 


“MOVE” SENDS A MESSAGE TO THE OPERATOR 
AND READS IN THE DESIRED EXTERNAL 
DEVICE POSITION. 

INPUT: UNRESTRICTED 

REGU STERSS Aare 


OUTPUT: DESIRED POSITION IS IN DE 
IN A/D BINARY UNITS 
OVEN LXI H,LMOVE sMESSAGE OUT 


CALL LIST 
CALL CRLF 
CALL GET eIN+DESIRED POSITION 
sIN USER UNITS 


LXI H,DOPND 


CALL STRIP *BCD+ASCII 

LXI H,DOPND 

CALL INN °F .P.-BCD 

LXI H,CFBUF ‘CONVERSION FACTOR 
CALL DIV *VOLTS+USER UNITS 
CALL VRI+7 * ABSOLUTE*+VOLTS 
LXI H,DOPND 

CALL STR sMeA 

LXI H,DOPND 

CALL FPBIN sBINARY*F.P. 

RET *BACK TO CONTROLLER 


"CNTIUA” AND “CNTUB™ ARE A CONTINUATION 
OF THE ABOVE SUBROUTINE FOR MANUAL CONTROL 
OF THE EXTERNAL DEVICE. 
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; 
OEOE 2E1036A7 CNTUA: LXI H,STACK+7 sMMeBINARY 


DEIZ 
OE1S 
OE14 
we i> 


OE 18 
OEIB 
DETE 


O21 
OR24 
OL28 
OR2B 


OE2F 
OES! 
OES2 


OES4 


OFS7 
OESA 


OE SD 
OE 40 
OE 4S 
JE 46 


JE 49 
JE AC 
JE 4F 
n> 2 
JOOO 


FB MOV M.D 

30 INR L 

FC MOV M,E 

46480D CALL FLTR STAKE A SAMPLE TO 
>DETERMINE DRIVE 

> DIRECTION. 

-(UP OR DOWN) 
46E00C CALL GT STURN ON "UP" RELAY 
603 DOE JC MOVEU 
46E50C SAUL LT sTURN ON "DOWN" RELAY 
..... es -FLSE DO NOT MOVE 
OEO636FF CNTUB: LXI H,C3 .5 
46E800 SLL ee 
2E1036C0 LXI H,SCANB *LOAD CHANNEL O IN 
L.. 2 sSCAN BUFFER 

9 
30 INR L 
3E0D MVI M,SCHAR ‘STOP AFTER 1 CHANNEL 
>SCAN 
46410B CALL CNTU7 2128 POINT AVERAGE 

-WITH PREVIOUSLY 

*DEFINED DELAY AND 

sFORMAT. THEN PRINT 

se : -ACTUAL POSITION 
4 
444F OE JMP MANCI 
; "MOVEU" AND “MOVED” ARE THE 
> ENTRY POINTS TO THE “UP" AND “DOWN” 
> CONTROL SUBROUTINES. (MANUAL OPS). 
46980D MOVEU: CALL UP 
44240E JMP CNTUB 
46B90D MOVED: CALL DOWN 
442 40E JMP CNTUB 
> "MANC" IS THE ENTRY POINT FOR THE 
> OPERATOR FOR MANUAL ACTUATION OF SOME 
> MICROPROCESSOR CONTROLLED DEVICE. 
AGDAOD MANC: CALL MOVE 
4 40E OE UMP CNTUA 
AGE40D MANCL: CALL MLOOP 
440E OF JMP CNTUA 
END 
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0000 


0080 


OOAO 
OO7C 
1OA0 
0071 
OOES 
0145 
0097 
1070 
O36E 
O70F 


27A5 


OE SO 
OE64 
OE 66 
OE67 
OLGA 
OEGE 


OE 71 
OE 74 
OE 78 
OE 7B 
oe 7k 
OE82 
OE8S 
OE85 
OE86 
OE 88 
OFSB 


ZELOS6A0 
SE80 

m7 
466E03 
2E 103670 
460F 07 


464501 
2E 103670 
46E800 
467100 
2E1036A0 


5CAO 
689700 
44660E 


@Oe we CO we woe WO CO CO 2S CE WE 


@e 26 we 


" DUMP” 
OF THE CONVERSION FACTOR BUFFER. 
CHECKS ALL RAM BETWEEN 1000H AND 
WRITING OUT A BYTE TO EACH LOCATION, 
READING IT BACK, AND COMPARING TO THE 

IF AN ERROR IS DECTECTED, 
THE TTY BELL IS RUNG AND A MESSAGE IS 
PRINTED OUT ALONG WITH THE CONTENTS OF THE 
BAD MEMORY LOCATION AND IT’S ADDRESS. 


DIAGNOSTICS 


IS USED TO DISPLAY THE CONTENTS 


ORIGINAL VALUE. 


ORG OE6OH 


EQUATES NOT ANNOTATED 
PN PREVEOUS sseCTIONS . 


oor 
Sein 1 


CAN BE FOUND 


CFB kQU O80H sLOW ADD OF CONVERSION 
sFACTOR BUFFER 
Sin EQU OAOH sLOW ADDRESS OF STACK 
CO EQU OO7CH 
STACK EQU 1O0AOH 
CRLF EQU OO7IH 
Bao: EQU OOE8H 
DiSr y EQU O145H 
CNTRL EQU OO97H 
RESLT EQU 1070H 
LOD EQU O36EH 
OUU EQU O7OFH 
9 
s MESSAGES 
9 
RAM EQU 27A5H 
9 
DUMP s LXI H,STACK 
MVI M,CFB sSTARTING LOCATION 
DLOOPs: MOV L,M sGET VECTOR 
CALL LOD sA+CONVERSION FACTOR 
Eee eno ba 
CALL OUU sDUMP TO OUTPUT 
sBUFFER 
CALLE DisPyY sASCII+-BCD 
EAL H Reo 
CALL LIST sPRINTOUT INFO 
CALL CRLF sNEW LINE 
LXI H,STACK 
MOV A,M sFETCH VECTOR 
ADI 4 sAeA+4 
MOV M,A sSAVE VECTOR 
CPI STK sCHECK FOR LAST 
JZ CNTRL sIF TRUE, DONE 
JMP DLOOP sELSE GET NEXT 


@Oe CO OO 
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OFSE 
OE90 
OE94 
OE95 
OES6 
OE97 
OE 98 
OE SB 
OE9C 
OE SF 
OkA2 
OLAS 
OF A4 
OEA6 


OEAS 
OEAA 
OEAD 


OEAE 
OEBO 
eB | 
O2BS 


OEB6 
OEBS 
OEBB 
eB rE 
OEBF 
OkC2] 
OECS 
OECE 
OzC9 
OECD 
OEDO 


OFDI 
OED2 
OEDS 
OED4 
OEDS5 
OED6 
OrDS 
OEDC 
OEDD 


0600 


2E 103600 


C8 

F8 

C7 

BS 
48B60E 
50 
68A20E 
44940E 
oS 

C5 

5C 20 
6S8ADOE 


Cl 
449 40E 
Cl 


SCFF 
2B 
Werk 
44900E 


A6D!0E 
Ce2k 
467C00 
C5 
46D10E 
C6 
46DI0Fb 
467100 


2EZTSEAS 


46E800 
O7 


EO 
1A 
LA 
1A 
1A 
A6E40E 
467000 
C4 
46E 40E 


We BO C26 C26 we we 


MTEST: 
NEXT: 
LOOP: 


PCs 


NEWs 


ERR3: 


“I we we we we 


Ex: 


"HEXT” 
TWO ASCII DIGITS. 


READ BACK 


MVI 
LXI 
MOV 
MOV 
MOV 
CMP 
JNZ 
INR 


"MTEST” IS USED TO CHECK EACH RAM LOCATION 
TO ENSURE IT IS ALL IN WORKING ORDER. IT 
ALTERNATELY WRITES ALL O’°S THEN ALL 

1°S TO EACH CELL AND TESTS THAT THE VALUE 


fone ONE Dissent SOUT. 


Awe 


H, 1000H 


BA 
MSA 
AM 
B 
ERR3 
L 


JZ PC 


Jt4P 
INR 
MOV 
CPI 


LOOP 
H 
A,H 
20H 


JZ NEW 


MOV 
JMP 
MOV 


Ciel 
RZ 

MVI 
JMP 


A,B 
LOOP 
os 


OF FH 


A,OFFH 
NEXT 


CALL HEXT 


MVI 


yt 


CALL CO 


MOV 


A,H 


CALL HEXT 


MOV 


ib 


CALL HEXT 
CALI CRE 


Exe 


H ,RAM 


CALL LIST 


Re 


Terniolefeol VALUE 
sRAM START LOCATION 
sSAVE A 

sWRITE TEST VALUE 
sREAD TEST VALUE 
Sea he, SANE? 
Sr NO a UMie 

sPOINT TO NEXT 
sCHECK PAGE CROSSING 
sITRY ANOTHER 

sNEAT PAGE 


*LAST PAGE ? 

Tih iio. Gibok AST 
s VALUE 

sRESTORE 


Teel CUR newl Les | 

s VALUE 

SS LU ta 

eR STRUE, DONE 
sELSE SET NEW VALUE 
sRETEST RAM WITH 
sNEW VALUE 

sPRINT OUT BAD DATA 


SAD hoo OU L 


sTELL OPERATOR 
; DONE 


OUTPUTS HEX DATA IN ACCUM AS 


MOV E,A 

RAR 

RAR 

RAR 

RAR 

CALL HEX 
CALL CO 

MOV A,E 

CALL HEX 


sSAVE 
BORNE EBLECHL NIGBIEE 


*OUTPUT ROUTINE 


s RESTORE 





BEEO 
OLES 
OEE 4 
OOZES 
DEES 
OEEB 
DEED 
OEEF 
OEFO 
0000 


467C00 
07 
240F 
SCOA 
SOEDOE 
0407 
0430 
C8 

O7 


HE Xe 


NUM: 


END 


CALL Co 
RET 

ANI OFH 
CPI 10 
JC NUM 
ADI 7 
ADI 30H 
MOV B,A 
RET 
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sMASK OFF HI NIBBLE 
sIS IT A NUMBER 

sIF TRUE, JUMP 

sELSE CONSTRUCT LETTER 
*ASCII BIAS 

sOUTPUT REGISTER 





0000 


OCEB 
OCEO 
OCES5 
ODE 4 
OD48 


OB3B 


OBSA 


OCCA 


OD98 
ODB9 
1060 


1064 
1068 


OFEO 
OF FO 
OOOD 
007} 
OOE8 
0097 
OOFS 
OLSA 
O154 
O89 
1040 
1058 
!OA0 
10CO 
1080 
0080 
O33E 
O36E 
03D7 
O38C 
O3B4 


THE AUTMATIC CONTROL SECTION MAKES USE OF 
THE "MOVE" AND “SCAN” SECTIONS TO PROVIDE 
AUTOMATIC, INCREMENTAL STEPPING OF AN 

EXTERNAL DEVICE BETWEEN ARBITRARY LIMITS. 


we we we @Oe we we 


ORG 2000H 
* EQUATES NOT ANNOTATED CAN BE FOUND 
* IN PREVIOUS SECTIONS 


SWAP EQU OCEBH ¢DE@=BCeDE 

GT EQU OCEOH sDE“-BC,RES NOT SAVED 

Ly EQU OCE5H sBC-DE,RES NOT SAVED 

MLOOP EQU ODE 4H sFETCH EXTERNAL 
sPOSIT,CONVERT, AND 
oO Re ee Ne es 

Fie EQU OD48H sGLITCH AND NOISE 
TEETER 

RSCAN rQU OB3BH sRE@SCAN DESIRED 
sCHANNELS AND PRINT 
sRES Ui S 

SCANS EQU OB34H sPRINT OUT 
sCOLUMN HEADINGS 

ERR} EQU OCCAH sTERMINAL ERROR 

UP EQU ODS8H sTURN ON UP DRIVE 

DOWN EQU ODBSH sTURN ON DOWN DRIVe 

N EQU 1060H sITERATION COUNTER 
sFLOATING POINT 
sSTORAGE 

TEMP EQU 1064H See ORARY PRODUCT 
sSTORAGE 

FINC EQU 1068H ‘tie RoE nEoeNLAY LON 
sOF INCREMENTAL DIST 

Ié EQU OFEOH 48 Ale 

el EQU OFFOH Ooi l= 

SCHAR EQU ODH 

CRLF EQU OO7I1H 

ES EQU OOE8H 

CNTRL EQU OO97H 

GET EQU OOFSH 

Syn a EQU OISAH 

BINFP EQU 0O154H 

FPBIN EQU O189H 

DOPND EQU 1040H 

STORE EQU !058H 

STACK EQU !0OAO0OH 

SCANB EQU 10COH 

CFBUF EQU 1080H 

CFB EQU O80H 

Sys EQU O33EH 

LOD EQU O3SEH 

AD EQU O3D7H 

MUL EQU O38CH 

DIV EQU 0383 4H 





06 4B 


2672 
2746 
Bil) 
2764 
etl2 


2000 


2004 
2005 
2006 
2007 
2008 
200C 
200D 
200k 
200F 
2010 
2014 
2017 
201B 
201E 
BUce2 
2025 
2024 
2025 
2026 
202A 
202B 
202C 
202D 
EOCE 
2032 
2055 
2059 


2035C 


20.40 
20 43 
2047 
204A 
20 4E 


2ELOS6A7 


F9 

50 

FA 

O7 
2E103S6A7 
CF 

50 

D7 

O07 
2E10356B2 
440420 
2E10356B2 
440020 
2h 1056B4 
FB 

50 

FC 

07 

2E 103634 
DF 

50 

E7 

O7 

2h 1036B6 
442220 
2k 103686 
442A20 


2£ 103660 


466405 
2EOFS6EO 
46D703 
2E 105660 
463203 


INN EQU 
» MESSAGES 

LREAD EQU 
START  EQU 
STOP  EQU 
INCRE EQU 
LUNIT  EQU 


@e @2e CO We We We wW 


REGISTERS AND MEMORY. 
STRD: LXI H,STACK+7 
MBC: MOV M,B 

INR L 
MOV M,C 
RET 
LOuw ¢ Le haolaAcnks | 
BCMs: MOV B,M 
INR L 
MOV C,M™ 
RET 
ormors, Lx HeslACK+ié 
JMP MBC 
EODS]:; LA HeSlACK+I1¢ 
JMP BCM 
Siar: LXI H,STACK+20 
MDE Ss MOV M,D 
INR L 
MOV M,E 
RET 
EODS: Exe Heo lACK+20 
DEMs MOV D,M™ 
INR L 
MOV E,M 
RET 
Sales LXI H,STACK+22 
JMP MDE 
RODE : EXi eis o LACK+22 
JMP DEM 
; 
9 
INCN: LXI H,N 
CALL LOD 
Ext ious 
CALL AD 
EAN 
CALL STR 


O64BH 


2672H 
2746H 
2iSan 
2764H 
2172H 


COMMON SUBROUTINES 
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"LODXX" AND “STRXX" ARE USED FOR 2 WAY 
TRANSFER OF DATA BETWEEN CPU 


sCURRENT DESIRED 
*POSITION STORAGE 


-BCeM 


sSTART POSITION 
sM¢+BC 
3BCeM 


Sonor OSL. 1 ON 


s INCREMENTAL POSITION 


¢ Diet 


sINCREMENT ITERATION 
sCOUNTER (N) 


AEN 


sA=At+1 


s Nea 





2051 
2055 
2058 
205C 
205F 
20635 
2066 
2069 


206C 
206F 
2072 


2075 
2078 


2079 
2O7A 
207B 
207C 
207D 
2O7E 
208 1 
2084 


2085 
2086 
2087 
2088 
2089 
ZO8A 


208D 
2091 
2093 


2096 
Z09A 


sGET INCREMENT (CI) 
sleNx*l 
sSAVE FACTOR 


sBINARY*+F .P. 
eMeNEW INCREMENT 
*LOAD START POSIT 
sAND INCREMENT 


sSTORE NEXT POSIT 
sLOAD STOP POSIT 


USED TO INCREMENT/ 
[DESIRED FOSI EIGN, 


sINPUT PARAMETERS 
*ADD BC+DE AND STORE 
*RESULT IN BC 


sEXIT THROUGH STORE 
sINPUT PARAMETERS 
*SUB DE-BC AND STORE 
*RESULT IN BC 


| glak 


sSET SUBT FLAG 
*-BACK TO "RUN LOOP” 


ENTRY POINT TO 


TO THE AUTOMATIC CONTROL ROUTINE. IT 


8 CHANNELS AT SELECTED POSITIONS OF AN 


2E 103668 LXI H,FINC 
468C03 CALL MUL 
2E 103664 LXI H,TEMP 
463E03 CALL STR 
2E 103664 LXI H,TEMP 
468901 CALL FPBIN 
462E20 CALL STRI 
463520 LOAD: CALL LODI 
441720 JMP LODST 
460020 STOR: CALL STRD 
442620 JMP LODS 
9 
9 
s "INCP™ AND "DECP" ARE 
> DECREMENT THE VALUE OF 
; BY “INCREMENT” AMOUNT. 
> THE ROUTINE RETURNS WITH: 
; BC+START POSIT+INCREMENT#N 
* STACK+7+BC 
s DE«STOP POSIT 
9 
463C20 INCP: CALL INCN 
C4 MOV A,E 
82 ADD C 
DO MOV C,A 
C3 MOV A,D 
g9 ADC B 
C8 MOV B,A 
446F20 JMP STOR 
463C20 DECP: CALL INCN 
62 MOV A,C 
94 SUB E 
DO MOV C,A 
Cl MOV A,B 
9B SBB D 
C8 MOV B,A 
A446F20 JMP STOR 
; 
9 
2E1036B8 SSUB:  LXI H,STACK +24 
3E01 MVI M,1 
4A41B21 JMP RUNL 
9 
> “RUN” IS THE OPERATOR 
9 
s PROVIDES REPEATED SCANNING OF UP TO 
9 
* EXTERNAL DEVICE. 
9 
2E1036CO RUN: LXI H,SCANB 


C7 


MOV A,M 
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jv DL ix CHECK 





209B 
209D 
20A0 
20A4 
20A7 
20AA 
20AD 
20B0 
20B3 
20B6 
2OBA 
20B D 
20C0 
2003 
20C6 
20CA 
20C D 
20D0 
20D4 
20D7 
20DB 
20DE 
ZO0k2 
20E5 
EOES 
20EC 
2OFO 
20F 3 
ZOF7 
2OFA 
20FD 
210 | 


2103 
2106 
2109 


2l0Cc 
2lOF 
eile 
e115 
ells 
211B 
2lik 
2121 


2124 
Z127 


212A 


212D 
ets | 


3SCZA 
68CAOC 
2E27S6 46 
46E800 
46E 40D 
A6EBOC 
460020 
461020 
467100 
2E275655 
46E800 
46E 40D 
46120 
467100 
2EZTS664 
46E800 
46F800 
2E 103640 
463A01 
2b 103640 
46 4B 06 
2103680 
46B 403 
eeOr SSF O 
468C03 
2b 103668 
463E03 
2k 103668 
468901 
462E20 
2E 105660 
SEOO 


467100 
463 40B 
460820 


462620 
46E00C 
608D20 
2k 1036B8 
SE00 
46480D 
46E00C 
604C21 


A6E50C 
605221 


465BOB 


2E 103688 
C7 


we 


RUNLs: 


CNTUCs 


Cpl °*x’ 

JZ ERR] 

LXI H,START 
CALL LIST 
CALL MLOOP 
CALL SWAP 
CALL STRD 
CALL STRST 
CALL CRLF 
LXI H,STOP 
CALL LIST 
CALL MLOOP 
CALL STRS 
CALL CRLF 
LXI H,INCRE 
CALL LIST 
CALL GET 
LXI H,DOPND 
CALL STRIP 
LXI H,DOPND 
CALL INN 
LXI H,CFBUF 
CALL DIV 
LXI H,1l1l 
CALL MUL 
LXI H,FINC 
CALL STR 
LA H, Foe 
CALL FPBIN 
CALL STRI 
Eien iN 

MVI M,O 


CALL CRLF 
CALL SCANS 
CALL LODD 


CALL LODS 

CALL GT 

JC SSUB 

LXI H,STACK+24 
MVI M,O 

CALL FLTR 

CALL GT 

JC INCR 


CARE Lt 
JC DECR 


CALL RSCAN 


LXI H,STACK+24 
MOV A,M 


G1. 


sBOOT DEFAULT 

$GET START POSITION 
sCONVERT TO BIN 
sBCeDE 

sMeSTART 

sMeSTART 

sGET FINAL POSITION 


sCONVERT TO BIN 
sMe-STOP 


sGET INCREMENT 
sINPUT+I 
;BCD©eASCII 
Shieh 6 coud 
s1+VOLT(I) 
sleBINCI) 

sMel 

; DE“ABSOLUTE (M) 


*MeINCREMENT 
*RESET COUNTER 


sCOL HEADINGS 
*GET START AND STOP 
*POSIT TO DETERMINE 
*INCREMENT DIRECTION 


sSTART>STOP ? 
UE Sug oie LAG 
[oboweneonl FLAG 


sTAKE POSIT READINGS 


sIF DESIRED>ACTUAL, 
sMOVE UP 


sIF DESIRED<ACTUAL, 
sMOVE DOWN 

sELSE TAKE A SET OF 
sCHANNEL READINGS 
sGET DIRECTION FLAG 





BlS2 
2154 


2157 
215A 


3CO1 
68 4521 


467520 
46E00C 


215D 605821 


2140 
21435 
2146 
2149 


214C 
214F 
p52 
Blo) 
E158 
215B 
Blor 


261 
2165 
2168 
216B 
216F 
2172 
2176 
2177 
el78 
2179 
217A 
2170 
2180 
2181 
2184 
2188 
218B 
BiSk 
Ege 
2195 
2199 
219c 
Z21A0 
2lAl 
21A4 
21A7 
0000 


441B21 
468120 
46E50C 
445D21 


46980D 
442A21 
46B90D 
442A21 
467100 
467100 
449700 


2E2635672 
46E800 
46800 
2E 103640 
465A01 
2k 103640 
C7 

BO 

l2 

2 

0480 

2E 1036A6 
ss 
467100 
2E 275672 
46E 800 
46F800 
2k 103640 
465A01 
2E 105640 
46 4B 06 
CE IOS6AE 
F7 
465E03 
467100 
446121 


INCR1: 
TEST: 


DECR 1:3 


INCR: 


DECR : 
EXIT: 


"UNIT" 


CPI 1 
JZ DECR1 


CALL INCP 
CALL GT 
JC EXIT 


JMP RUNL 
CALL DECP 
CALL LT 

eMP TEST 


CALL UP 

JMP CNTUC 
CALL DOWN 
JMP CNTUC 
CALL CRLF 
CALL CRLF 
JMP CNTRL 


sIF SET, DECREASE 
seOSi 1 BY 1” 
sELSE INCREASE POSIT 


imo Or ar Oot 
sEXCEEDED, EXIT 
sELSE REPEAT 


sCHECK FOR STOP 
*POSIT EXCEEDED 
sMOVE UP 


sMOVE DOWN 


IS USED TO INPUT CONVERSION FACTORS 


WHICH CHANGE THE INTERNAL UNITS CVOLTS) 
TO ANY UNIT DEFINED BY THE USER’. ALL I/0 


NEW UNITS UNTIL RESET. 


END 


; 
’ 
’ 
; 
9 
TORE RAL VONG Lo Tae IN TERS “OF PRESE 
: 
’ 
U 


LXI H,LREAD 
Crp bier 
CALL GET 
LXI H,DOPND 
CALL STRIP 
LXI H,DOPND 
MOV A,M 

ORA A 

RAL 

RAL 

ADI CFB 

LXI H,STACK+6 
MOV M,A 
CALL CRLF 
LXI H,LUNIT 
CALL LIST 
CALL GET 
LXI H,DOPND 
CALL STRIP 
LXI H,DOPND 
CALL INN 
LXI H,STACK+6 
MOV L,M 
Call esa 
CALL CRLF 
JMP UNIT 
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SCHANNEL -= 7" 
sINPUT CHANNEL 
sBCD\ASCII 

sGET CHANNEL 
sCLEAR CARRY 

sMPY BY 4 
sCOMPUTE VECTOR 
Torone tt 
s"UNIT/VOLT =?” 
s$GET CONVERSION FACTOR 
sBCD-ASCII 

sF .P -<BCD 

sGET VECTOR 
sPOINT TO STORAGE 
3$M-F ACTOR 


sGET NEXT 





0000 


000D 
OOOA 


2600 
2605 
2607 
260B 
260F 
2610 
2614 
2618 
261C 
261D 
2621 
2625 
2629 
262D 
2631 
2655 
2639 
2635C 
2640 
2644 
2648 
264C 
2650 
2654 
Sy 
ES 5B 
265F 
26635 
2666 
266A 
SOSE 
2672 
2676 
267A 
26 7E 
508 2 
2686 
268A 
SSE 
S92 
2-696 
-69A 
PSOE 
6 A2 
>S AG 


3E200D 
204E4F54 
20444546 
A94E 4544 
OD 
30313A20 
4348414E 
4E454C53 
20 

42 4F5420 
44454649 
4E 45440D 
30323A20 
494E5641 
40494420 
224645 4C 
452220 
5445524D 
494E 4154 
49 4F AEOD 
2A2A2A20 
52455345 
543A2041 
4C4C20 
434841 4E 
4E 454C20 
492F 4F 20 
49 4E20 
22564F 4C 
5 4532220 
2A2A2A0D 
20434841 
AE 4E 45 4C 
203 D200D 
56414C49 
44204641 
435 44F52 
533A200D 
41203D20 
334D530D 
42203D31 
354D530D 
43203D32 
354D530A 
OD 


@e We we We 


SCHAR 
LF 


READY: 
LERR: 


LERRI1: 


LERR2:3 


LBOOT: 


LREAD: 


LWAITs 


ALE MESSAGES USED BY THE SYSTEM ARE 
CONTAINTED IN THIS SECTION. 


ORG 2600H 

EQU ODH sSTOP CHARACTER 
EQU OAH sEND OF RECORD 
DB *> ",SCHAR 

DB * NOT DEFINED",SCHAR 


DB 


DB 


DB 


DB 
DB 


DB 


DB 


DB 


DB 


DB 


DB 


DB 
DB 


POL Sw crANNELS. — 


"NOT DEFINED',SCHAR 
"02: INVALID ° 


(tees om 
"TERMINATION ’® ,SCHAR 


"#** RESET3 ALL ' 


"CHANNEL I/O IN ° 


""VOLTS”™ ****",SCHAR 


’ CHANNEL = °,SCHAR 


"VALID FACTORS: °,SCHAR 


"A = 3MS°,SCHAR 
"B =15MS',SCHAR 


"C =25MS°,LF,SCHAR 


aD 





26A7 
26AB 
O6AF 
26B3 
26B5 
26B9 
26BD 
26C1 
26C5 
26C7 
26CB 
26CF 
26D3 
26D5 
26D9 
26DD 
26E0 
26E4 
26E8 
26EB 
O6EF 
26F3 
26F7 
26FB 
O6FF 
2703 
2704 
2708 
270C 
2710 
2712 
2716 
271A 
OTLE 
2720 
2724 
2728 
272 
2730 
2734 
2738 
273A 
273E 
2742 
27 46 
27 AA 
27 AE 
2752 
2755 
2759 
275D 
276 | 


494E5055 LSCAN: 


9420 4348 
414 4E 45 
4053 
20494220 
44455349 
92454420 
4F524445 
220D 
D148 454E 
20524541 
44592054 
4F20 
94414B 45 
20444154 
412020 
24595045 
20205343 
414E20 
4F 522052 
554% 200D 
2025200D 
202020 45 
482%200D 
20202020 
OD 
4445404] 
99204245 
94574545 
4220 
44415441 
20504F 49 
4E5 45320 
3D20 
313520 4D 
95202844 
45464155 
405 4290D 
22452220 
464F524D 
4154 
285920 4F 
9220 4E29 
203F 200D 
55544152 
242050 4F 
23495420 
3 D200D 
ISS 44F 50 
20504F 53 
49542020 
5D2Z00D 


INFO: 


Cls 
C2: 


eo: 


DWAIT: 


EXP: 


START: 


STOP : 


DB 


DB 


DB 


D3 


DB 


DB 


DB 


DB 
DB 


DB 


DB 


DB 


DB 


DB 


DB 


DB 


DB 


"INPUT CHANNELS ° 


* IN DESIRED ° 


"ORDER ",SCHAR 


"WHEN READY TO ° 


‘TAKE DATA, ° 


Pivee. SCANS 


"OR RUN ‘',SCHAR 


’ # 
: CH. 


* SCHAR 
" SSCHAR 


: * SSCHAR 
‘DELAY BETWEEN ° 


PDATAy  OLNTS a 


"15 MS (DEFAULT) * ,SCHAR 


““E” FORMAT 


"CY ‘OR ND 7? “SSGHAR 


"START POSIT = °,SCHAR 


STOR POSIT Gees conan 
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27164 
2768 
276C 
2770 
2772 
2776 
2TTA 
giit 
27TF 
2785 
27187 
278B 
278C 
2790 
27193 
27197 
279B 
279C 
27A0 
2TA4 
271A5 
27A9 
27AB 
2TAF 
27B3 
2/7 
27BB 
C7TBF 
2702 
0000 


494E 43552 INCRE: 


454D454E 
9420203D 
200D 

55 4E 4954 
2FS6 4k 40 
3 4205D20 
OD 
44455549 
92454420 
eaZe2k 2k 
20 
41435455 
41 4COD 
9295 4E20 
4k 4F2E20 
OD 
2A2AZAZA 
2A2Z02020 
OD 
07444154 
Ai2cF 
404F 4341 
S449 4F 4h 
BeAZeck ck 
eeee2ck 20 
42414420 
9241 4D 
O70D 


LUNIT: 


LMOVE s 


LRUN: 


LCOM: 


RAMs 


END 


DB 


DB 


DB 


DB 


DEB 


DB 


DE 
DB 
DB 


DB 


“INCREMENT = °,SCHAR 


"UNIT/VOLT = °,SCHAR 


(ORSIRED cece 


"ACTUAL" ,SCHAR 


"RUN NO. ',SCHAR 


* KE KK *, SCHAR 


O7H,*DATA/' 
"LOCATION® 
BAD RAM 


07H,SCHAR 
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0000 


0847 
O8FO 
0901 
0912 
095D 
0963 
098B 
O97F 
0973 
0C35 
OCAD 
OE 49 
OE60 
OE8E 
2096 
2161 


OF O00 
OFO1 
OFO3 
OF O04 
OF O6 
OFO7 
OFOS 
OFOA 
OF OC 
OF OD 
OF OF 
OF 10 
OF 12 
OF 13 
OF 15 
OF 16 
OF 18 
OF 19 
OF 1B 
OF IC 


1C 
4708 
ie 
FOOS 
03 
0109 
26 
1209 
20 
2DO9 
55 
6509 
Al 
8BOS 
A2 
TFO9 
4S 
7509 
51 
350C 


@e ©2686 028 we Ge C28 woe 2S we we Ce CO we 


ORG 


NES 


9 
READ 
CNTLR 
CNTLC 
EDIT 
Pais 
WAIT 
Al 

Bl 

Cl 
OSCAN 
SCAN 
MOVE 
DUMP 
MIEST 
RUN 
UNIT 


oie 
wee 
J33 
J43 
as 
J63 
J73 
JS: 
J9: 
J103 


EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 
EQU 


DB 
DW 
DB 
DW 
DB 
DW 
DB 
DW 
DB 
DW 
DB 
DW 
DB 
DW 
DB 
DW 
DB 
DW 
DB 
DW 


ww 


JUMP TABLE 


OF OOH 


O8 47H 
O8SFOH 
O9S01H 
O912H 
O95DH 
O963H 
O98BH 
OS7FH 
OS7S5H 
OC 35H 
OCADH 
OE 49H 
Ok 60H 
OF SEH 
2096H 
2l1é61H 


1CH 
READ 
12H 
CNTLR 
O3H 
CNTLC 
26H 
EDIT 
20H 
FILE 
SSH 
WAIT 
41H 
Al 
42H 
Bl 
43H 


S1H 
SSCAN 


THE RECOGNITION ROUTINE ("RECOG", OOAIH) 
COMPARES THE CHECK-SUM IT COMPUTES WITH 
Pveny CHinh@eenens IN THIS TABLE. IF A 
MATCH IS FOUND, THE FOLLOWING TWO BYTES 
SHOW THE ENTRY POINT FOR THE DESIRED 
ROUTINE. 


OOH MARKS THE END OF THE TABLE. 


sVOLTMETER FUNCTION 
s"RUN NO. ™ 

oe KKK OO OCOMMEMT 
RTS Bo hee 

Whi be feAL 

sDELAY FACTOR 

oo DBE AY 

Um uss ¢ DIE Lys) ¢ 

sco Mo DELAY 

sSET SCAN ROUTINE 
sTAKE DATA 

sMANUAL CONTROL 
sCONVERSION FACTORS 
sRAM CHECK 
sAUTOMATIC CONTROL 
sINPUT SCALE FACTORS 





Ort E 
OF IF 
OF21 
OF 22 
OF24 
OF 25 
See 
OF 28 
OF 2A 
OF 2B 
OF 2D 
OF2E 
OF 30 


22 
ADOC 
St 
4905 
56 
SO0E 
8D 
SEOE 
PS 
9620 
40 
612i 
00 


Srl: 
J123 
JIS: 
J143 
uy) LBS 
J163 
STOP 


29H 
SCAN 
57H 
MOVE 
56H 
DUMP 
8DH 
WEES T 
OF 5H 
RUN 
40h 
UNIT 
OOH 


oe 





CONSTANT STORAGE 


THE FOLLOING DATA ARE THE FLOATING 
POINT REPRESENTATION OF CONSTANTS 
USED THROUGHOUT THE PROGRAM 


@e we CO we we we we 


OF3! ORG OFEOH 

OFEO 81000000 I6&: DB 81H,0,0,0 21.0 

OFE4 7A000000 I5: DB 7AH,0,0,0 * 0078125 
9 

OFES ORG OFFOH 

OFFO SAAC Tale DB BAH, 4CH 

OFF2 C99A DB OCSH,9AH $819.15 

OFF4 84200000 12: DB 84H,20H,0,0 310.0 

OFF8 8A4C 13: DB SAH, 4CH 

OFFA C99A DB OCSH,9AH Tce 

OFFC 8D7F 14: DB 8DH,7FH 

OFFE FCOO DB OFCH,O 28191.15 

0000 END 
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The ADL software was developed on an existing 


development system which used the following: 

fee 10 baud teletype for program listing. 

2. 110 baud paper tape punch for mass storage. 
3. 1200 baud high speed paper tape reader. 


4. 1200 baud CRT for program entry and editing. 


While this system is a useful tool for writing and 
debugging small pregrams, it is not a viable system for 
large scale development. The percentages of time devoted to 
the creation of the ADL software package was 15% “Logie 
development, 5% manual entry, 15% debugging and 754% waiting 
mere paper tape and teletype output. The last figure 
represents a Significant and costly waste of manpower 
assets. The following system - while more expensive - could 


easily pay for itself in man-hour savings alone: 


ime = FLOppY disk mass MEMOLy. this reduces an 
edit-assembly-reedit-reassembly cycle from up to eight 
hours (fcr the entire package) to less than five 


Minutes (also for the entire package). 


2. Line printer for producing source code and assembly 


fPrstings. 


3. Resident high level language such as BASIC or PL/MN to 


enhance complex logic manipulations. 


The Department of Aeronautics has recently acquired the 
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INTEL MDS 80 development system. This system contains the 
abcve components and is presently being used as a data 
acquisition system for an oscillating flow wind tunnel. In 
addition to data logging, this system can overform on-line 
fast fourier analysis of data taken in a highly turbulent 


and non-linear environment [2]. 


Microprocessor usage presents a unique problem; namely, 
better CPUs and more advanced peripherals appear on the 
Market almost monthly. Therefore, a U-P oriented systen 
rapidly becomes outdated. The software for the ADL was 
written using industry standard technigues. A change to the 
more advanced 8080 CPU can therefore be accomplished (with 
Minor changes) by simply reassembling the program with an 
8080 assembler. Such an update is recommended if the ADL is 


to be used to take higher frequency data. 
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HO. 


fel. 


APPENDIX A 


GLOSSARY 


Wye: analog to digital (adjective or noun) 


assembly: A listing which contains both source code and 


Machine code. 


BAUD: aA data transmission rate expressed in BITs per 


second. 


Pele esinary digit. A single unit of information in a 


binary word. 


buffer: A group of memory locations used to store 
specific data (input data, constants, output data, 


eG.) « 


buffering: <A process by which electronic signals 


possessing different properties are made compatible. 


byte: An eight-BIT word which is processed as a_ single 


quantity. 


eeu: Central Processing Unit. The area of the 
microprocessor which computes and sequences all logic 


emi arithmetic functions. 


coordination number: A sequential, numerical label 


associated with a set of data points for a given run. 


CRT: Cathod Ray Tube. Also used as the generic name for 


a television type display. 


D/A: The inverse of the A/D process. 
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eZ 


es. 


14. 


> 


ior 


ly 


18. 


Ie 


20. 


AAS 


Aa ae 


“ae 


24, 


late 


20. 


27. 


Zo 


G@aeavogging: The acquisition and tabulation of data. 
EPROM: erasable/programmable read only memory 


driver: In a software context this term refers to a 


program used to control the actions of an external 


aevyice. 


external device: A physical device which is not an 


integral part of the microprocessor. 


Mretch: A missing BIT in a byte of data which can occur 


during data transmission or conversion. 


eae A suffix which indicates a hexadecinal number 
(Appendix C). 
mos input/output 
* ° e 10 
Pea SULfIX Which indicates a group of 1024 (2 ) items 


as in '4K of memory' meaning 4096 memory locations. 


machine code: The BIT patterns actually used by the U-P 


mm OEdeGr to Carry out its assigned logic functions. 
MUX: a multiplexing device 
nibble: The upper or lower four BITS in one byte. 


OS: Operating System. Another term Low Software 


Package. 
page: a 256 byte segment of memory 


RAM: Random access memory. Volatile memory used for 


variable storage and data manipulation. 
register: A storage location located in the CPU. 
ROM: read only memory, non-volatile 


Scttware: The program which resides in the U-P*s 


memory. 


Oz 





Zo 
30. 
ae 


BZ. 


source code: The program written by the user. 


U-P: microprocessor 


8008: 


8080: 


An 8-BIT U-P device. 


tie Mext Generatmonml—P etrom the 9008. 
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APPEND EX 8B 


VENDOR DATA 


The following specification sheets give the major 
properties of the hardware used in the ADL system. Also 
presented are the I/O pin assignments for the 805 processor 
as well as the pin-outs for the other connecters used 


throughout the systen. 
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MPS 805 MICROPROCESSOR 
SYSTEM SPECIFICATIONS 


Physical 


Three 45" by 6 3" printed circu cards 
One S111 CPU card 
One 5114 Input card 
- One 8115S Output card 
One 8116 ROM card 
- One 8117 RAM caid 


Cunnectus Requuement tor each vaid 
56 pin, 28 pusition dual read-out on O 125. enters 


CPU Card includes 
$OU8 CPU 
Crystal clock 


Address latuhes, data butters, end control decode circuits. 
Power-on and external cestart. 
DMA bufleis 


ROM Card includes 
One 1702A PROM (250 bytes) and eight PROM sockets 
Sucket for card expansion circuit (up to 8 cards) 


art, S ncludes 
Lab 2! 392 RAM (1024 bytes) and thuty- two RAM sockets 
wh seh ot 83 expansion ciccuil (up to 4 cards) 


ear oe Pf Ney 
“ITT! ange selector circuits addressable in groups of 8 
~ chet for ¢ Gd expansion circus (up to 2 cards) 


Ovsou: Card swiude, 
- TTL output leich circuits addressable in groups of 8 
Sucker lor card expansion circuit (up to 6 cards) 


Operational 


CPU 
Executes all ol the S008 instsuctions 
4+ microsecond time state cycle using 8008 (MPS 1805). 
2 8 microsecond time state cycle using 8008-1 (MPS 805-1). 


Memory for data or program 3! Orage .ard expandable to any combination of ROM and RAM to 16384 words 
ROM, 2048 word capacity per card. 
RAM, 4096 word capacity oer card 


input and Output 
Niput gates implerment the INP wistructions. 
Ou put latches implement the OUT instructions. 


- recy og Fuseeral Ressart 
Stogie line, sy achronized interrupt on CPU card can be optionally wired for multi-level interrupt of Power-on external restart. 
Mull ievel Interrupr Controé lines available for external tnterrupt such as 8318 priority interrupt card. 
Powci-on and external estart option. CPU starts at instruction location 0000 by wiring restart output from CPU card to Interrupt Request input 


‘MA ¢ Direct Memory Access) 
Date, address, and control wines are 3-siate disconnected by the CPU following 4 HLT instruction silowing 
‘YMA by peripherals. The (PU ust be interrupted to continue following a HALT 


Hectitial Requirements 
Reter to individual data sneeis and shematics on the 81N1, 3114, 8115, 8116, and 8117 tor interlace and wiring. 
Power Requirements for the tive card set fully loaded 
+VCC = t5% @ 3.3 Amp maximum (35mA per ROM, SOMA per RAM) 
GND 0 volts 
VDD= 9 volis 25'% + 900 mA maximum (35 mA per ROM) 


Hardware 
Compatible with Series 8400 interface cards. 
Fits CRS, CRIO of CRID card racks 
Use M273 power supply 
PROM's programmable on Series 81 programmers 


Soltware 
MPS 800 hardware 1s fully compatible with any 8008 software assuming I/O and interrupt can be sssigred .ompatidly Teletype operating svsiem 
and system monitor: available Assemblers, compilers and simulators evailable through computer ime snatng services 





ANALOG 
MULTIPLEXER 


| MODEL MM-8 


i A i oe Met a! ee oe ee. 


8 CHANNEL 





+ DO A TE EN 


FOR ANALOG TIME SHARING - $69 each 


FEATURES 


[S04 ae ee YR 2x 0-375" 

(} Low power consumption..... 300 milliwatts 

(} High transfer accuracy ........ +0.01% 

C) Fast settling output ........... 1 microsecond to +0.01% of FS. 

1) Choice of input type .......... Single ended or differential 

() Completely self contained ... Includes 8 MOS-FET switches, drivers 
and decoding logic for channei selection 


BLOCK DIAGRAM 


* $V0C GRO + 1$v0C -sv (¢20v0Ci See note 1. 
(3 


10 


CH } 


Q) 


ms 


©) 
it 

> 

ea 

» 

bed 

e¢G 

fn oO 

& 


——~ ee 


CH2¢ ) 


i) 
Fe 
n* 
Pa 
o 


cna 0) =e 
cna oO ae | ANAL Pak pee 


ANALOG wmaY GE SEP 
INPUTS OR CONNE rien 


: oo oe see 
CHé € } 
- con 
Cre ( ) ie ae 
DECYUDER SECTION 


1§ 16 7 iF | 
} @ @ @ 
1 ? 4 


Thy 


OY) 


Cmanmn€e. SELECTION 


a A ES, et A A eS a ES EE ee ee —_ 
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FOR SIMULTANEOUS SAMPLE AND 
HOLD APPLICATIONS 


= 


ge ee —-_ 


FEATURES 
MO Fast Acquisition Time . .... . 6 psec 
mpeowOfOOpe .. = Seen & . « a 20 uV/rnsec 
O Adjustable Aperture Delay . . . . To zero between units 
Mmeowsadim error . . = ~~ uw a a. . 2.005% 
O High Input Impedance . . . . . . 100 M&2 
= isvocy 





INPUT 43) 


Ne ade (h) (3) 


BLOCK DIAGRAM — MODEL SHM-4 
SG EXT. OFFSET ADJ. 


HOLD CAP 
FLECTRONIC 
SWITCH 
& ANALOG 
oe |, oe 


GSOUND 


DIGITAL 
INPUT (3) 


i 

"OC" = SAMPLE 
“1° = HOLD | 
{ 


THRESHOLO 


GA TIL OTt INPUTS GAQUNDO FIN 8 
OR thy C/MOS CONNECT 5 @6V ZENEA 
ROM @IN 6 TO GROUND 


F 
| - 


sare os 


SWITCH | 
x ORIVER | meee 
© °9:nt 
(8) (7) (6) © Q) APERTURE DELAY 
ADJ. ; 


% jae Kt 
GNO -15V +15V DJ. (OPTION 
1K 2 
a 


— 
- 


Res ee eee ee ee TT RS US ESRD CS * 


! 
| 
| 
| 
| 

c 





DESCRIPTION 


The SHM-—4 is ideally suited to simultaneous 
sample and hoid applications, where the gain 
and aperture delay between units must be 
matched, and where the output droop of the 
sampled signal is minimized for time shared 
A/D conversion. 


A double inversion circuit in the SHM-4 
places the FET sampling switch near ground, 
which means that ail variations of hold step 
and of aperture delay with input voltage are 
eliminated. 


A unique closed loop design gives high accura- 
cy and allows the rate error to be factory 
nulled. Rate error is the delay by which the 
output lags an input ramp and may be 
expressed in nsec or in mV/V/psec. For conven- 
tional sample and hold applications rate error 
is not serious because it merely causes an 
advance in the effective time of hold and 
tends to cancel out part of the aperture delay. 
However, for simultaneous applications the 
aperture delay minus the rate error must be 
matched between units so that the effective 
time of hold is the same for all. The SHM-4 
accomplishes this by nulling the rate error to 
less than 1 nanosecond and for critical appli- 
cations, by providing an external 5 nano- 
second adjustment of aperture delay. Also, 
the high accuracy and low droop of the 
SHM~4 make it useful in conventional sample 
and hold applications. 


Careful attention to circuit detail in elimi- 
nating leakage currents has decreased the 
output droop to less than 20 microvolts per 
millisecond allowing several SHM-~4 modules 
to be time shared between one A/O Converter. 


Dynamic Accuracy of Sample and Hold 
Circuits, Datel Systems, inc., Application 
Note V1i-—1. 
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Datel’s Modei MM-8 is a complete eight 
channel solid state andiog multiplexer de- 
signed for applications which require tast 
Output settling and high transfer accuracy. 


The entire multiplexer is self contained in a 
plastic module medsuring 0.8 cubic inches. it 
contains eight MOS-FET switches with asso- 
ciated driver cucuits, each Naving a current 
limiter pull-up FET to provide minimum 
propagation delay, also inciuded is all the 
necessary decoding logic to enable random 
channel addressing with a lour bit parallel 
binary input. Two MM-8 muitipiexers can be 
cascaded to provide up to sixteen channels 
under command from one 4-BiT address. The 
addressing logic inputs are compatible with 
DTL/TTL togic levels. 


Full scale inputs can be either +5V or +10V 
with a transfer accuracy (input to output) o! 
+0.01%, provided the output toad is a mini 
mum of 10 megohms. The high impedance 
amplifier provided with Datel’s ADC-E, 
ADC-L and ADC-M series analog/digital con- 
verters and SHM Series sample/hold’s are 
quite suitable for this application. 


Output settling ume for each channel is one 
microsecond to +0.01% of full scale and each 
channel can sequentiaily switch at a 500 KHz 
rate. The output of the eight channels is 
divided into two paraliel groups of four. 


As stated betore, MM-8 is complete and 
requires only +5VDC, +15VDC and -15VDC 
{(-20VDC) tor operation. 


MM-8 modules are 2° L x 1°W x 0.375"H tn 
size come fully encapsulated, and feature 
dust on tine pinning (0.100° grid pin spacing) 





HIGH RESOLUTION 
ANALOG-TO-DIGITAL CONVERTER 


Dir 





speep 
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ep 
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n> 
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ANALOG 
GROUND 


START 
CONVERT 


ep ee ee ee 


GENERAL OLSCHIPTION 


The ADC-149 is a 14 bit successive approxima: 
on type analog to digital converter for OEM 
use. It was specifically designed to give high 
resolution and accuracy at moderate cost for 
incorporation into precision instruments for 
Process control systems and test and measure- 
ment systems. 

The ADC-149 can resolve 1 part in 16,384 
giving an operating dynamic range of 84.3d8. 
On the 10 voit full scale range it can detect an 
input change of less than 1 millivolt. Accuracy 
is adjustable to +.005% of full scale + ALSB. 
The temperature coefficient is neld to a low 
*15ppm/°C over the O° to 70°C operating 
temperature range. 
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REFERENCE 
OUTPUT 











RE FE RENCE 
SOURCE 


DIGITAL /ANALOG CONVERTER hea 
\ 
oa, ENO OF 
CONVERSION 
PROGRAMMER (STaTug! 






QUTPUT REGISTER 


LS$8, OUTPUT 
PARALLEL DATA OUTPUT 





This converter accepts either unipolar or 
bipolar input voitages of 0 to -10V, 0 to -20V, 
+5V, of +10V full scale by external pin 
connection and performs a 14 bit conversion in 
50 usec. Several output codes are available 
including straight binary for unipolar inputs 
and either offset binary or two's complement 
for bipolar inputs. Two's complement ts 
obtained by using the MSB output pin. Reverse 
coding sense is used with the most negative 
analog input corresponding to full scale digital 
output. A serial data output ts also provided 
and has a nonreturn-to-zero (NRZ) format. 
Logic outputs ate DTL/TTL compatible and 
will drive 6 standard TTL loads 
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ADL PIN CONNECTIONS 


110 


Prom Ps, 0d Proto 
Luput (Command) 1 


Rack 
pin socket 


Ident. 


MUX 
MUX 
MUX 


ene UO) 

ee CLO 

Cla BESS, 

S/H Command 

A/D Start 

Alpha Relay (Tner. ) 
Alpha Relay (Decr.) 
Relay Plug (spare) 


to 16 Not used 


Relay Plug 


P14 Spare Relay 

P17 Gnd. (Logic) 

P15 alpha relay (incr.) 
P16 alpha relay (decr.) 
P21 Gnd. (Buss) 


Py Card Code... 

Beerin plug 

iebas@l Ident. (Pier 

No. No. 

ul Ne 1 

a Ne C 

5 NC 3 

4 NC 4 

5 ea, O 5 

6 oh. 1 | 6 

f ale : Analog i 
ie. -3 Volt G 

oltage 

7 Ch. 4 Inputs 3 

10 Ch. 5 P 

ieee ch. 6 | 

12 oh. 7 —— 

aS NC 

14 Relay plug (spare) 

15 Relay plug (Alpha Relay) As 

16 Relay plug (Alpha Relay) | = 

17 Relay plug (Gnd. ) é 

fen NC D 

19 fo VDC 2 

20 3 +15 VDC twee. Supply 

mae 6Gnd. Buss line 

22 el VDC 

Output (Data) 16 pin socket 

it Bypepie Le ( LSB) 

2) " tt 13 

3 ] "f 12 

hy Un a) ll 

5 tf tf 10 

6 tf " 9 

7 T tt 8 

8 tt t 1 

9 ! tt 6 

10 {t tt 5 

ne). Uh " uo 

12 tt iy 3 

13 tf tt -) 

14 " "1 (MSB) 

15 FETE) ager OI(e 

16 Spare 





ADL PIN CONNECTIONS 


PROLOG SYSikM 44 Pin Output Plug (On Top of Card Rack ) 


P3-7 
P3-6 
P3-5 
P3-4 
P3-3 
P3-2 
jeceae 


P15 
ph 
PL-13 
Pu 12 


PL.8 
Ph_7 
PL.6 
PL.5 


ph_10 


ph.g 
ph_k 
Ph. 3 
ph_2 


ph_1 


CODE 
Bi dent. 
No. 
iL Out 1-8 to p38 
2 "1-7 
3 tt 1-6 
F HG 
5 vv ae 
6 it 3 
‘6 elk 2 
8 ee | 
9 NC 
10 Gut, 3-6 
al " B27 
f2  “ 3-6 
me " 3.5 
m0” (3-4 
15 "3-3 
16 3-2 
7 " a= 
18 NC 
19 " 
20 tt 
el i 
Oe a 
A Ou, 0-8 
B " O27 
C On 
D tt 0-5 
E ees 
F 't 0-3 
H On 2 
J no= 
K NC 
L Ounee=o 
M tt 2-7 
N "2-6 to 
P 1 2-5 
R ae 
g "t 2-3 
T tf 2-2 
U ano). 
V NC 
W vf 
x tf 
Y vt 
7, 1? 


Relay Plug (spare) 

Alpha Relay (decr. ) 

Alpha Relay (incr. ) 

A/D Start 

S/H Command 

Analog MUX Ch. 100 
a MUX Ch. O1O 
- Min Chia 001 


DP (Dec. Pt., Lite Chip 03) 
DP (Lite Chip 02) 
DP (Lite Chip 01) 


DP (lite Chip 00) 

BCD Data 8 (to Lites) 
BCD Data 4 

BCD Data 2 

BCD Data 1 


IEE Sacrol ae bey oil!” 
TTY Card JX11/JX-9 


(+/- Lite) 
Lite Enable 
Lite MUX 1000 
Lite MUX 0100 
Lite MUX OO10 
Lite MUX OOO] 





ADL PIN CONNECTIONS 


meee, oYShM Sh Pin PCT Pliw (on Tup of Card Rack) 


men 6ClLdiemt.. 


WO 

i foes toy Pl-Gaee ty p Bre. 7 

2B oe ee? Pl-7, " "t 8 

2 i aes es eles " " 9 

ly ad Tes Pl- 5 : " " 10 

5 a pants P1-4, "W " a 

> ea 3 Pile ees ke 
rt je eile tt " 13 

g bat Pie emer (ESB) 

4 Nc 

mre 6m 3-3 NC 

aC NC 

He” = 366 Nc 

13." 3-5 to P2-5, Kyb'd Flag 

i " 3.) Pe-4, Kyb'd (1000) 

Me" 3-3 P2-3, " (0100) 

io ' 3.2 pe-2, " (0010) 

i? a ee Pe-1, " (0001) 

m NC 

19 uw 

ae" 

2 ia 

g2 2" 

A i o=6 

B tt On? 

@ e /20=6 

D 1 0-5 

E woah 

P Os 3 

H i Ose 

J ie | to EY Card (3x17) 

K NC 

le In 2-8 to Pl-16 NC 

M ey P1-15, A/D EOC (end of conversion) 

N wee =O P1l-14, A/D Bit 1 (MSB) 

P t => Pl-13, tf 'f 2 

RO" ek etic, 9 3 

S tt B= 3 lentes " " ho 

a cae Pin sn 

U ee | PI= 09. a Spe eG 

V NC 

W t 

‘f ‘i 

Y 'f 


rie 





APPENDIX C 


MATHEMATICS PACKAGE 


Floating point (F.P.) binary numbers are used internally 
for most internal arithmetic functions. The method is fully 
explained in the following excerpts from the INTEL Users 
Beetary [3]. 
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BOO0R BINARY FLOATING POINT SYSTEM 


ARITHMETIC AND UTILITY PACKAGE 


THE ARTTHMETIC AND UTILITY SUBROUTINE PACKAGE OF THE 8008 
BINARY FLOATING POINT SYSTEM CONTAINS SUBSOUTINES FOR 
PERFORMING THE BASIC ARITHMETIC ANO UTILITY OPERATIONS 
AVAILAALE IN THE SYSTEM, 


THE ARTTHMETIC ANO UTILITY PACKAGE IS CONTAINED IN 768 
CONSECUTIVE WORDS OF MEMORY(3 BANKS OF ROM) AND DOES NOT 
REQUIRE THAT ANY OTHER SOFTWARE BE PRESENT IN MEMORY. THIS 
PACKAGE USES THF FIRST 54 WORDS OF A RANK OF RAM AS 
SCRATCHPAD MEMORY. 


THE INOIVINUAL SUBROUTINES INCLUDED. IN THE ARITHMETIC AND 
UTILITY PACKAGE OF THE FLOATING POINT SYSTEM ARE DESCRIBED 
IN DETAIL BELOW. 
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8008 BINARY FLOATING POINT SYSTEM 


THE 8008 BINARY FLOATING POINT SYSTEM CONSISTS OF A SET OF 
SURROUTINES DESIGNED TO PERFORM OPERATIONS ON NUMERIC 
QUANTITIES REPRESENTEN IN A SPECIFIC NOTATION. SUBROUTINES 
APE PROVIDED TO PERFORM A VARIETY OF ARITHMETIC AND RELATED 
OPERATIONS. 


THE SURROUTINES ARE DESIGFD TO BE STORED AND EXECUTED IN 
READ-ONLY-MEMORY (ROM) AND REQUIRE THE FIRST PORTION OF A 
BANK OF REAN-WRITE=MEMORY (RAM) FOR SCRATCHPAD MEMORY. THE 
SUBROUTINES ARE SEPARATED INTO A NUMBER OF PACKAGES+ EACH 
CONTAINING SUBROUTINES FOR A GROUP OF RELATED OPERATIONS. 
THE AMOUNT OF MEMORY(ROM AND RAM) REQUIREN FOR INSTALLATION 
OF THE SYSTEM IS DEPENDENT UPON THE COMBINATION OF PACKAGES 
TO BE USED. SCRATCHPAD MEMORY IS INITIALIZED BY A UTILITY 
SUBROUTINE WHICH MUST RE EXECUTED BEFORE ATHER SUBROUTINES 
ARE EXECUTED THE FIRST TIME. 


IN GENERAL. THE SUBROUTINES HAVE SIMILIAR ENTRY AND EXIT 


CONDITIONS. UNLESS SPECIFIED DIFFERENTLY IN THE DESCRIPTION 
OF A SPECIFIC SUBROUTINEs THE SUBROUTINES HAVE THE FOLLOWING 


CHARACTERISTICS. 


SUBROUTINES REQUIRING ONE OPERAND TAKE IT FROM AN INTERNAL 
FLOATING POINT ACCUMULATOR. SUBROUTINES PEQUIRING TwO 
OPERANNS TAKE ONE FROM THE ACCUMULATOR ANN THE OTHER 

FROM THE MEMORY LOCATION INDICATED BY THE CONTENTS OF THE 
H ANO L REGISTERS UPON ENTRY» THE NUMERIC RESULT OF EACH 
OPERATION IS STOREO IN THE ACCUMULATOR ANN IS RETURNED TO 
THE CALLER IN THE Ae Be Ce AND D REGISTERS. . 


UPON EXIT FROM THE ARITHMETIC SUBROUTINES. THE PROPERTIES 
OF THE RESULT ARE INDICATED BY THE SETTINGS OF THE CONTROL 
RITS. 


CARRY BIT ] THE RESULT EXCEEDS THE CAPACITY OF THE 


Tt 


ACCIIMULATOR. THE OTHES CONTROL BITSs THE 


CONTENTS OF THE HAROWAPE REGISTERS» ANDO 
THE CONTENTS OF THE ACCUMULATOR ARE 
MEANINGLESS. THIS SITIATION IS ALSO 
INDICATED BY A NON=ZERN QUANTITY BEING 
STOREO IN A FLAG WORD. 

THE RESULT IS IN RANGE, THE ZERO AND 


1 
2 


CAPRY SIT 


SIGN BITS ARE PROPERLY SET+ AND THE Apo Be 
C+» AND O REGISTERS CONTAIN A REPRESENTATION 


OF THE VALUE IN THE ACCUMULATOR. 

THE RESULT OF THE OPERATION IS ZERO OR 
A QUANTITY TOO SMALL Ton BE REPRESENTED. 
0 THE RESULT IS NON-ZERO, 

THE RESULT IS NEGATIVE, 

THE RESULT IS POSITIVE, 


ZERO BIT 


tl 
= 


ZERO BIT 
SIGN BIT 
SIGN BIT 


nou 
= 


DATA ARE REPRESENTED IN A NOTATION WHICH PECORDS EIGHT RITS OF 
EYPONENTe ONE BIT OF SIGNe AND TWENTY FOUPF BITS OF FRACTION. 
THE LARGEST MAGNITUDE THAT CAN BE REPRESENTED IS APPROXIMATELY 


3.6 * 10 #® 38.6 THE SMALLFST NON-ZERO MAGNITUDE IS 


APPROXIMATELY 2-7 * 19 ## =39. THE RESOLIITION OF THE NOTATION 


IS APPROXIMATELY 6.2 # 10 4% -Ae ToEws BETTER THAN SEVEN 
DFCIMAL DIGIT PRECISION. 


i> 
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DATA VALUES ARE REPRESENTED IN FOUR CONSErTUTIVE MEMORY WORDS 
WHICH MUST BE IN THE SAME BANK OF MEMORY. THE INTERPRETATION 
OF THESE WORDS IS SHOWN BELOW. 
WORD 1 IF NON-ZERO, THIS WORD CONTAINS THE 
EXPONENT PLUS A BIAS OF 200 OCTALe THE 
EXPONENT INDICATES THE POWER OF 2 BY 
WHICH THE FRACTION IS MULTIPLIED TO 
OBTAIN THE REPRESENTED VALUE. IF THIS 
WORD IS ZERO THE REPRECENTED VALUE IS ZERO 
AND WORDS 25 35 AND 4 ARE MEANINGLESS. 
WORD 2+ BIT 7 THIS BIT INDICATES THE SIGN OF THE VALUE: 
0 IF POSITIVEs 1 IF NEGATIVE. 
WORD 2+ BITS 6-0 THESE BITS PLUS ‘AN ASSIIMED 1 IN BIT 7 
ARF THE MOST SIGNIFICANT BITS OF THE 
FRACTION. THE FRACTION IS STORED IN 
ABSOLUTE FOPM (UNSIGNEN) WITH THE RADIX 
POINT POSITIONED TO THF LEFT OF SIT 7. 
THE VALUE OF THE FRACTION IS THUS LESS 
THAN 1.20 ANC EQUAL TO OR GREATER THAN 0.5. 


WORD 3 THIS wO©D CONTAINS THE SECOND MOST 
SIGNIFICANT EIGHT BITS OF THE FRACTION. 
WORN 4 THIS WORD CONTAINS THE LEAST SIGNIFICANT 


EIGHT BITS OF THE FRACTION. 


EXAMPLES OF DATA NOTATION. 
VALUE WORD] WORD2 WORDS wORDS 


0.0 000 XXX XXX XXX X = DONT CARE 
1.0 201 000 000 000 
-1.49 201 200 000 000 
*0.! 175 114 314 314 
-~100.) 207 310 063 063 


FLOATING POINT ACCUMULATOR. 


THE FLOATING POINT ACCUMULATOR CONSISTS OF S SCRATCHPAD WORDS 
CONTAINING PESPECTIVELY THE ACCUMULATOR ExXPONENTs THE 
ACCUMULATOR SIGN» AND THREE WORDS OF ACCUMULATOR FRACTION. 

THE EXPONENT IS RECORDED WITH A BIAS OF 200 OCTAL. AN 
EXPONENT WORD OF ZERO INDICATES THAT THE vALUF IN THE 
ACCUMULATOR IS 7ERO AND THE REMAINING WORNS OF THE ACCUMULATOR 
APE MEANINGLESS. THE SIGN WORD HOLOS 000 IF THE ACCUMULATOR 
IS NEGATIVE. 200 OCTAt IF POSITIVE. THE FRACTION IS RECORDED 
AS A NORMALIZED POSITIVE VALUE WITH THE RaDIX POINT TO THE 
LEFT OF THE MOST SIGNIFICANT BIT OF THE FIRST FRACTION WORD. 


OVERFLOW FLAG. 


THE OVERFLOW FLAG WORD IS PROVIDED AS A CONVENIENCE TO THE 
USER OF THE FLOATING POINT SYSTEM. THE WORD IS INITIALLY SET 
TO ZERO AND MAY BE RESET TO ZERO BY THE USER AT ANY TIME. 
WHEN ANY OF THE SYSTEM SUBRPOUTINES DETECT AN OVERFLOW 
CONDITION THE OVERFLOw FLAG IS SET NON=-7E90~. THUS THE USER 
MAY CLFAR THE FLAGe PFRFORM A SEQUENCE OF FLOATING POINT 
OPERATIONS» ANO CHECK THE FLAG TO DETERMINE IF AN OVERFLOW 
OCCURRED ANYWHERE IN THE SEQUENCE. 


alte’ 
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RN0B8 RINARY FLOATING POINT SYSTEM 


THE 8008 BINARY FLOATING POINT SYSTEM CONSISTS OF A 
SET OF SUBPOUTINES DESIGNEN TO PERFORM ARITHMETIC 
OPFRATIONS ON NUMERIC QUANTITIES REPRESENTED IN 
MFMORY. 


FACH NUMFRIC QUANTITY OCCUPIES FOUR CONSECUTIVE wORDS 
(3? BITS) OF MEMORY. THE |. ARGEST MAGNITUDE THAT CAN 
RE REORESENTEND IS APPROXIMATELY 3.6 TIMES TEN TO THF 
FAITH POWFR. THE SMALLEST NON-ZERO MAGNITUDE THAT 

CAN BE REPRESENTED IS APPROXIMATELY 2.7 TIMES TEN TO 
THE MINIS 39TH POWER. EACH NUMERTC QUANTITY IS 
REPRESENTE! WITH A PRECISION OF ONE PART IN 
APPROXIMATELY 16209072000. 


THE SOF TWAPF CONSTITUTING THE FLOATING POINT SYSTFM 
1S AIVIOED INTO TWO SFECTIONSe EACH OF WHICH OCCUPIES 
3 BANKS OF ROM OR RAM. SECTION 1S INDEPENDENT OF 
NTHER SOF TN4RE. SECTION 2 IS OPEPABLE ONLY WHEN 
SFCTION 1 IS AVAILABLE IN MEMORY. IN ADDITION TO 
MEMORY RFQUIREFD FOR PROGRAM. 43 WORDS OF RAM ARE USED 
AS SCPATCHPAD. 


SNF TWARE SFCTION 1 CONTAINS THF FOLLOWING 
AIRROUTINES: 

LOD - LOAD SPECIFIED DATA INTO THE FLOATING 
POINT ACCUMULATOR. 

AOD - AND SPECIFIED DATA TO THE FLOATING POINT 
ACCUMIN_ATO®. 

SUB - SUBTRACT SPECIFIED DATA FROM THE FLOATING 
POINT ACCUMULATOFP, 

MijL = MULTIPLY SPECIFIFD DATA a THE FLOATING 
POINT ACCUMULATOF. 

OV - NIVIDE SPECIFIED DATA INTO THE FLOATING 
POINT ACCUMULATOR, 

TST - SET CONTROL BITS TO -INDICATE ATTRIBUTES 
OF THE FLOATING POINT ACCUMULATOR, 

CHS - CHANGE THE SIGH OF THE FLOATING POINT 
ACCUMULATN®. 

ABS - SET THE SIGN OF THF FLOATING POINT 
ACCHMULATOR POSITIVE. 

STR = STORE IN SPECIFIED MEMORY THE VALUF IN THE 
PEGISTERS AS RETURNED RY OTHER SURROUTINES. 

INIT = MOVE CODE FROM ROM TO RAM IN PREPARATION 


FAR FXECUTION OF THE MUL AND DIV SUBROUTINES. 
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SOFTWARE SECTION ? CONTAINS SUBROUTINES WHICH ARE 
USED TO CONVERT DATA BETWEEN THE BINARY FLOATING 
POINT FORMAT ANO A DECIMAL FORMAT SUITABLE FOR 

ENTRY OR NISPLAY ON INPUT/OUTPUT FQUIPMENT. THE 
NECIMAL FORMAT JIS STORED IN MEMORY AS A SERIES 

OF CHARACTERS. RELATIVELY SIMPLE INPUT/OUTPUT 
POUTINES MAY BE USEN TO INTERFACE THE MEMORY- 
RESIDENT CHARACTER STRINGS WITH ANY TYPE OF PHYSICAL 
170 DFVICE. 


THE CHARACTER STRINGS CONSIST OF BCD REPRESENTATIONS 
OF NECIMAL DIGITS AND ARBITRARY REPRESENTATIONS OF 
+9 ~9 © AN EXPONENTIAL SIGN(LETTER €).» AND SPACE, 
CHARACTER STRINGS “MAY NOT CROSS MEMORY SANK 
BOUNDARIES. AN INPUT STRING IS THEREFORE LIMITED 

TON 256 CHARACTERS. AN OUTPUT STRING CONSISTS OF 

13 CHARACTFRS. 


THE OUT SUBPOUTINE GENERATES CHARACTER STRINGS IN 
2 FORMATS? THE CHOICE OF FORMAT DEPENOS ON THE 
MAGNITUDE OF THE VALUE REPRESENTED. 
MAGNITUDES BETWEEN 21000000 AND 9999999. ARE 
REPRESENTED BY A SPACE OR MINUS SIGNo SEVEN 
DECIMAL DIGITS AND AN APPROPRIATELY POSITIONED 
DECIMAL POINTse AND FOUR SPACES... 
MAGNITUNES OUTSIDE THE RANGE ARE REPRESENTED 
BY A SPACE OR MINUS SIGNe A VALUE BETWEEN 
1-000000 AND 929999994 AN EXPONENTIAL SIGNe ANO 
A SIGNED TWO-OIGIT POWER OF TEN. 


THE INP SUBROUTINE CONVERTS CHARACTER STRINGS IN 
EITHER OF THE ABOVE FORMATSe OR A MODIFIED 

VERSION OF THEM. THE LEADING SIGN MAY BE INCLUDED OR 
OMITTEN. ANY NUMBER OF DIGITS MAY BE USED TO 
INDICATE THE VALUE. WITH OR WITHOUT AN INCLUDED 
NECIMAL POINT. IF A POWER-OF-TEN MULTIPLIER IS 
INDICATED IT MAY BE SIGNED OR UNSIGNED ANO MAY 
CONTAIN ONF OR TWO DIGITS. AN INPUT STRING IS 
TERMINATED BY THE FIRST CHARACTER WHICH DEPARTS 

FROM THE FORMAT. 


THF FOLLOWING ARE FXAMPLES OF INPUT AND CORRESPONDING 
QUTPUT CHARACTFR STRINGS. 


32141593 32141593 
-.0090900000001 -1 .Q00N00F-13 
+1.6E5 160000.0 
123456789 1.234568E +08 
54321E-10 5 .43°100E-06 
-271828182RF -9 -2.718282 


t 
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8008 BINARY FLOATING POINT SYSTEM 
FORMAT CONVERSION PACKAGE 


THF FOUMAT CONVERSION PACKAGE OF THE 8008 BINARY FLOATING 

POINT SYSTEM CONTAINS SUAROQUTINES FOR THE CONVERSION OF 

DATA BETWEEN THE FLOATING POINT SYSTEM NOTATION AND TwO 

OTHER FORMATS. THE NON-FLUATING-POINT FOOMATS APE FOUR 

sae FIXED POINT FORMAT AND VARIABLE LENGTH CHARACTER STRING ; 
MAT. 


THE FOOMAT CONVERSION PACKAGE IS CONTAINEN IN S12 CONSECUTIVE 
WORDS OF MEMORY (2 BANKS OF ROM) AND REQUIQDES FOR ITS 
EXECUTION THAT THE ARTTHMETIC ANO UTILITY PACKAGE BE 
AVATLAPLE IN MEMOPY. THE COMHINATION OF THIS PACKAGE ANO 

THE ARTTHMETIC ANO UTILITY PACKAGE USES THE FIRST 64 WORDS 
OF A BANK OF RAM AS SCRATCHPAN MEMORY. 


a ty epee = 
ep a 


TRE FIXED POINT FORMAT DATA PROCESSED RY THIS PACKAGE 

‘CONSIST OF 32 AIT BINARY NUMBERS OCCUPYING FOUR WORDS. 

‘TWOS COMPLEMENT NOTATION IS USED TO REPRESENT NEGATIVE 

VALUES. 

THE POSITION OF THE BINARY POINT RELATIVE TO THE 

BITS REPRESENTING THE VALUE IS DENOTED BY A BINARY 

‘SCALING FACTOR. THE RINARY SCALING FACTOO IS NOT NORMALLY 
RECORDED IN THE COMPUTERe BUT WHEN A FORMAT CONVERSION 
ISUBROUTINE IS CALLED THE BINARY SCALING FaCTOP MUST bE | 
SPECIFIFOCIN THE E REGISTER). A BINARY SCALING FACTOR OF 
|ZERO INDICATES THE BINARY POINT IS IMMEOIATELY TO THE LEFT 
OF THE MOST SIGNIFICANT OF THE 32 BITS REPRESENTING THE 
VALUE. A 3INARY SCALING FACTOR OF 32 INOITCATFES THE SINARY 
POINT IS IMMEDIATELY TO THE RIGHT OF THE t EAST 

SIGNIFICANT BIT. THE PERMISSIRLE RANGE OF THF BINARY ) 
SCALING FACTOR IS -1289(200 OCTAL) TO *©127(177 OCTAL). ) 


| 


j 

ITHE CHARACTER STRING FORMAT DATA PROCESSEN BY THIS PACKAGE 
‘CONSIST OF SINARY REPRESENTATIONS OF CHARACTERS OCCUPYING 
CONSECUTIVE WORDS OF MEMORY. A CHARACTER STRING MAY NOT 
iCROSS 4S MFMORY RANK BOUNDARY. THE CHARACTERS WHICH MAY BE 
IINCLUDFO IN A CHARACTER STRING. ANO THE CORRESPONDING 
‘OCTAL REPRESENTATIONS ARE LISTED HELOW. 


| NECIMAL DIGITS 0008-0118 B8CO OIGITS 


SPACE 36086 
> 373B PLUS 
= 375B MINUS 


376B DECIMAL POINT 
EXPONENTIAL SIGN 0258 LETTER E 
(THESE OCTAL REPRESENTATIONS CAN BE CONVERTED TO THE 
CORRESPONDING ASCII CHARACTERS BY ADDING 9608 TO EACH) 


a a ain A ee tn - 


THE OUT SUAROUTINE GENERATES CHARACTER STRINGS IN TWO 
FORMATS. EACH CONSISTING OF 14 CHARACTERS, THE FORMAT 
USED IN A SPECIFIC-CASE 15 DEPENDENT UPON THE MAGNITUDE 
OF THE VALVE REPRESENTED. 


a 





SIGNIFICANCE INOEX 


THE FLOATING POINT AON ANDO SUBTRACT SUBRONTINES RETURN A 
SIGNIFICANCE INDEX TO THE USER WHEN THE RESULT OF THE 

OPERATION [S NOT ZERO. THIS INDEX GIVES aN INDICATION OF THE, 
CHANGE IN THE VALUE OF THE ACCUMULATOR EXDONENT AS A RESULT 

OF THE ARITHMETIC OPERATION PERFORMED. IT IS USED PRIMARILY | 
FOR COMPARISON OF TWO VALUES WHICH ARE EXMECTED TO BE E@UALs . 
BUT WHICH MAY DIFFER BY A SMALL AMOUNT DUF TO MEASUREMENT OR . 
ROUND-OFF ERRORS. AS AN EXAMPLEs A SIGNIFICANCE INDEX OF ! 
354 OCTAL (-20 DECTMAL) INOICATES THAT THE RESULT OF THE | 
OPERATION IS SMALLER THAN THE OPERANDS BY A FACTOR OF : 
APPROXIMATELY ONE MILLION (2 ** 20). | 
THE FLOATING POINT TEST» COMPLEMENT ANO ARSOLUTE SUBROUTINES | 
RETURN THE SIGNIFICANCE INDEX FROM AN IMMFOIATELY PRECEEDING | 
AND OR SURTRACT OPERATION. ; 
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HEXADECIMAL NOTATION [ 4] 


Hexadecimal Notation iS a convenient way of representing all sixteen 
combinations of four bits of information with a single character. The 
moSt popular character set for displaying Hexadecimal data are the 
characters O thru 9 to represent the binary combinations O thru 9 and 
ABCODE and F to represent the binary combinations 10 thru 15. 


Hexadecimal } Binary Bits Decimal 
Characters 8421 Characters 













0 0000 0 
1 0001 1 
2 0010 2 
3 0011 3 
ol 0100 4 
rs) 0 eOe ) 
6 01410 6 
7 Ood yok 7 
8 1000 8 
9 ] Ome 1 9 
A 101 0 
B 10 pe 
C Pal OeG 
D Le 
E }. a0 
F Po, 








As an extension of this technique, all 256 combinations of 8 bits can 
be represented by two hexadecimal characters as shown in the following 


examples. 
Hexadecimal Binary Decimal 
Characters Bits Characters 
00 0 





01 J 
3E 22 
66 





Going further, all 4096 combinations of 12 bits can be represented by 
three Hexadecimal characters. This technique can be extended indefin- 
itely, adding a Hexadecimal character for each four bits of information. 


en 
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